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TITLE 14—OVIL AVIATION 

Chapter J—Civil Aeronautics Board 
Subchapter A C iv i l A i r Regulation? 

P A R T 4 b — A I R P L A N E A I R W O R T H I N E S S ; 
T R A N S P O R T C A T E G O R I E S 

R E C A P I T U L A T I O N O F P A R T 

B e c a u s e of t h e n u m b e r of o u t s t a n d i n g 
a m e n d m e n t s to P a r t 4b t h e r e fo l lows a 
r e c a p i t u l a t i o n of P a r t 4b i n c o r p o r a t i n g 
a l l a m e n d m e n t s u p to D e c e m b e r 31, 1953. 

S u b p a r t A — G e n e r a l 

4 F P J J C A B I U T T AND DEFINITIONS 

Sec. 
4 D . 1 5 8 

4b,160 
4 b . I 6 1 
4b . l62 

D y n a m i c d i r e c t i o n a l a n d l a t e r a l 
s t a b i l i t y . 

STALLING C H A R A C T E R I S T I C S 

S t a l l i n g ; s y m m e t r i c a l power . 
S t a l l i n g ; a s y m m e t r i c a l power . 
S t a l l w a r n i n g . 

Sec. 
4b,0 
4 b . l 

4 b . l 0 
4 b . U 

4b.12 
4b.13 
4b.14 
4 b . l 5 
4b,16 
4 b . l 7 

4b,18 

4b . lD 

4D.100 
4b.101 
4b,102 
4b.103 

4b,104 
4b,105 

4 b . l l 0 
4 b . l l l 
4b.112 
4 b . l l 3 
4b.114 
4 b . H 5 
4 b . u a 
4 b . U 7 
4b.118 
4 b . l i a 
lb .120 
4 b . l 3 1 
4b.122 

4b.123 
4b.124 
4t>.125 

A p p l i c a b i l i t y o f t h i s p a r t . 
D e f i n i t i o n s . 

CSBTrriCATlOM-

E U g i M U t y tot t y p e cert i f icates. 
Designat ion, o f app l icab le r egu la 

t i o n s . 
A m e n d m e n t of, p a r t . 
Type cer t i f ica te . 
D a t a r e q u i r e d . 
Inspec t ions a n d tests. 
F l i g h t tests. 
A i r w o r t h i n e s s , expe r imen ta l , a n d 

p r o d u c t i o n cert i f icates. 
A p p r o v a l o f ma te r i a l s , par ts , p roc 

esses, a n d appl iances . 
Changes I n t y p e des ign. 

Subpart B—Flight 
GENERAL 

P r o o f o f compl i ance . 
W e i g h t l i m i t a t i o n s . 
Center o f g r a v i t y l i m i t a t i o n s . 
A d d i t i o n a l l i m i t a t i o n s o n w e i g h t d i s 

t r i b u t i o n . 
E m p t y w e i g h t . 
Use o f ba l las t . 

PERFORMANCE 

Genera l . 
W i n g flap pos i t i ons . 
S t a l l i n g speeds. 
Take-off; genera l . 
Take-of f speeds. 
Aocelers te-s top dis tance. 
Take-of f p a t h . 
Tempera tu re a c c o u n t a b i l i t y . 
C l i m b ; genera l . 
C l i m b ; a l l engines ope ra t i ng . 
One-eng lne - inopera t lve c l i m b , 
T w o - e n g i n e - l n o p e r a t l v e c l i m b . 
D e t e r m i n a t i o n o f t h e l a n d i n g d i s 

tance; genera l . 
Le r idp lancs . 
Seaplanes or f loat planes. 
S k i planes. 

CONTROLLABILITY 

C o n t r o l l a b i l i t y : genera l . 
L o n g i t u d i n a l c o n t r o l . 
D i r e c t i o n a l a n d l a t e r a l c o n t r o l . 
M i n i m u m c o n t r o l speed, V^c-

4b.130 
4b,18I 
4b.132 
4b,133 

TRIM 
4b . l40 Genera l . 
4 b . l 4 1 L a t e r a l a n d d i r e c t i o n a l t r i m . 
4b.142 L o n g i t u d i n a l t r i m . 
4b. l43 L o n g i t u d i n a l , d i r e c t i o n a l , a n d l a t e r a l 

t r i m . 
4b . l44 T r i m fo r a i rplanes w i t h f o u r or m o r e 

engine*. 

4b,150 Genera l . 
4D .151 S ta t i c l o n g i t u d i n a l s t a b i l i t y . 
4b,162 S t a b i l i t y d u r i n g l a n d i n g . 
4b. l63 S t a b i l i t y d u r i n g approach . 
4b,164 s t a b i l i t y d u r i n g c l i m b . 
4b.165 S t a b i l i t y d u r i n g c r u i s i n g . 
4b. 156 D y n a m i c l o n g i t u d i n a l s t a b i l i t y . 
4b . l57 S t a t i c d i r e c t i o n a l a n d l a t e r a l s t a 

b i l i t y . 

GROUND HANDLING CHARACTERISTICS 

4D .170 L o n g i t u d i n a l s t a b i l i t y a n d c o n -
troi. 

4b.171 D i r e c t i o n a l s t a b i l i t y a n d c o n t r o l . 
4 b . l 7 2 Shock abso rp t ion . 
4b . l73 D e m o n s t r a t e d cross w i n d . 

WATER l i A N I I I . I N G CHARACTERISTICS 

4b.180 W a t e r c o n d i t i o n s . 
4 b . l 8 1 W i n d c o n d i t i o n s . 
4b.182 C o n t r o l a n d s t a b i l i t y o n t h e wa t e r . 

HISCELDANEOUS FLIGHT ftKJOTRF.M^NTB 

4b 190 F l u t t e r a n d v i b r a t i o n . 

Subpar t C — S t r u c t u r e 

G E N E R A L 

4b.200 Loads. 
4b.201 S t r e n g t h a n d d e f o r m a t i o n , 
4ba03 Proof o f s t r u c t u r e . 

n.iasT LOADS 

4b.310 Gene ra l . 
4b.211 F l i g h t envelopes. 
4b_212 Effect o f h i g h l i f t devices. 
4b .a l3 S y m m e t r i c a l flight c o n d i t i o n s . 
4b.214 S o i l i n g c o n d i t i o n s . 
4b.21B Y a w i n g c o n d i t i o n s . 
ihJZ16 S u p p l e m e n t a r y n i g h t c o n d i t i o n s . 

CONTROL SOXFACK AND SYSXEU LOADS 

4b.220 C o n t r o l surface loads; genera l . 
4 b 2 2 1 W i n g flaps. 
4b 222 Tabs . 
4b.223 Specia l devices. 
4b.224 P r i m a r y flight c o n t r o l systems. 
4b.325 D u a l p r i m a r y flight c o n t r o l systems. 
4b.226 G r o u n d gus t c o n d i t i o n s . 
4S.227 Secondary c o n t r o l systems, 

GROUND LOADS 

4b.230 Genera] , 
4b .231 Leve l l a n d i n g c o n d i t i o n s , 
4b.232 T a l l - d o w n l a n d i n g c o n d i t i o n s . 
4b,233 One-whee l l a n d i n g c o n d i t i o n . 
4b.'j34 L a t e r a l d r i f t l a n d i n g c o n d i t i o n . 
4b .235 G r o u n d h a n d l i n g c o n d i t i o n s . 
4b.236 U n s y m m e t r l c a l loads o n d u a l - w h e e l 

u n i t s . 

WATER LOADS 

4b,250 Genera l . 
4b.2SI Des ign we igh t s a n d center o f g r a v i t y 

pos i t ions . 
4b.262 A p p l i c a t i o n o f loads, 
4b.353 H u l l a n d m a i n float l oad factors . 
4bJ264 H u l l a n d m a i n float l a n d i n g c o n d i 

t i o n s . 
4b.255 H u l l a n d m a i n float t ake -o f f c o n d i 

t i o n . 
4b,356 H u l l a n d m a i n float b o t t o m pres

sures. 
4b.a57 A u x i l i a r y float loads. 
4b.258 Seawlng loads. 

E M E R G E N C Y LANDING C O N D I T I O N ' S 

4b-360 Genera l . 

4b.261 S t r u c t u r a l d i t c h i n g p rov i s ions . 

Subpart D—Design and Construct ion 

O K N X R A L 

4b,S00 Scope. 
4b,301 M a t e r i a l s . 
4b.302 F a b r i c a t i o n m e t h o d s . 
4b.303 S t a n d a r d fas ten ings . 
« b . 3 0 4 P r o t e c t i o n . 
4b JOS I n s p e c t i o n p rov is ions . 
4bJ306 M a t e r i a l s t r e n g t h proper t ies a n d de

s i g n values . 
4b.307 Special fac tors . 
40-308 F l u t t e r , d e f o r m a t i o n , a n d v i b r a t i o n . 

CONTROL SUXTAQCS 
Sec. 
4b 310 Genera l . 
4b.311 Proof o f s t r e n g t h . 
4b.31Z I n s t a l l a t i o n . 
4b.313 Hinges . 

CONTROL SYSTEMS 

4b 320 Genera l . 
4b.321 T w o - c o n t r o l airplanes, 
4b.322 T r i m con t ro l s a n d systems. 
4b.323 W i n g flap con t ro l s . 
4b.324 W i n g flap I n t e r c o n n e c t i o n . 
4b.325 C o n t r o l sys tem stops. 
4b.326 C o n t r o l sys tem locks , 
4b.327 s t a t i c tests. 
4b-328 O p e r a t i o n tests. 
4b.329 C o n t r o l sys tem deta i ls ; genera l . 

L A W D W O GEAR 

4b.330 Genera l . 
4b.331 Shock absorbers. 
4b.332 L a n d i n g gear tests. 
4b.333 L i m i t l o a d fac to r d e t e r m i n a t i o n . 
4b.334 R e t r a c t i n g m e c h a n i s m . 
4b.335 Wheels . 
4b .33« Ti res . 
4b.337 Brakes . 
4b.338 Skis . 

H U L L S Aim 

4b.340 Genera l . 
4b .341 Seaplane m a i n floats. 
4b.342 Boa t h u l l s . 

PERSONNEL AND CARGO ACCOMMODATIONS 

4b.350 P i l o t c o m p a r t m e n t ; genera l . 
4b.351 P i i o t c o m p a r t m e n t v i s i o n . 
4b.352 W i n d s h i e l d a n d w i n d o w s . 
4b.353 Con t ro l s . 
4b.S54 I n s t r u m e n t a r r angemen t . 
4b.3BS I n s t r u m e n t m a r k i n g , 
4b 356 Doors. 
4b.357 Door louvres . 
4b.358 Seats, ber ths , a n d safety bel ts . 
4b.359 Cargo a n d baggage c o m p a r t m e n t s . 

EMERGENCY PROVISIONS 

4&.960 Genera l . 
4b.361 D i t c h i n g . 
4b.362 Emergency evacua t ion . 

VENTILATION, HEATING, AND PBESSDBIZATIOJI 

4b,370 Genera l . 
4b.371 V e n t i l a t i o n . 
4b.372 H e a t i n g systems. 
4b.373 Pressurized cabins; general 
4b.374 Pressure supply . 
4b.37S Pressure c o n t r o l . 
4b,376 Tests. 

P I K E I ' R O T E C T I O N 

4b.380 General . 
4b,381 C a b i n i n t e r i o r s . 
4b.382 Cargo a n d baggage c o m p a r t m e n t s . 
4b.383 Cargo c o m p a r t m e n t c lass i f ica t ion . 
4b.384 Proof o f compl iance , 
4b.385 F l a m m a b l e fluid Are p r o t e c t i o n . 
4b 386 C o m b u s t i o n heater fire p r o t e c t i o n . 

MISCELLANEOUS 

4b.3f>0 R e i n f o r c e m e n t near propel lers . 
4b.391 Leve l ing marks . 

S u b p a r t E — P a w e r p l o n f Installation 

I N S T A L L A T I O N 

4b.40O Genera l . 
4b.401 Engines . 
4b .402 Propel lers . 
4b.403 Propeller v i b r a t i o n . 
4b.404 Prope l le r p i t c h a n d speed l i m i t a 

t i o n s . 
4b.405 Propel ler clearance. 
4b-406 Propel ler d e - l c l n g provis ions . 

F U E L SYSTEM OFF-RATION AND ARRANGEMENT 

4b .4 l0 Genera l . 
4b 411 F u e l system Independence. 
4b.412 Pressure cross-feed a r rangements . 
4b.413 F u e l flow ra te . 
4 b 4 1 4 P u m p systems. 
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Sec. 
4b,415 Trans fe r systems. 
4b.416 D e t e r m i n a t i o n of unusab le f u e l s u p 

p l y a n d f u e l sys tem ope ra t i on o n 
lo iy fue l . 

4b.417 F u e l sys tem h o t weather ope ra t i on . 
4b.418 F l o w between i n t e r connec t ed t a n k s . 

F U E L S Y S T E M C O N S T R U C T I O N A N D I N S T A L L A T I O N 

4b,420 Genera l . 
4b.421 F u e l t a n k tests. 
4b.422 F u e l t a n k I n s t a l l a t i o n . 
4t>.423 F u e l t a n k expans ion space. 
4b .424 F u e l t a n k s u m p . 
4b.425 F u e l t a n k flUer c o n n e c t i o n . 
4b.426 F u e l t a n k vents a n d ca rbure to r v a 

p o r vents . 
4b.427 F u e l t a n k o u t l e t . 
4b.428 U n d e r - w i n g f u e l i n g p rov is ions . 

F U E I . S Y S T E M C O M P O N E N T S 

4b ,430 F u e l p u m p s . 
4b.431 Fue l p u m p I n s t a l l a t i o n . 
4b.432 F u e l sys tem l ines a n d fittings. 
4b.433 F u e l l ines a n d fittings i n des ignated 

fire zones. 
4b.434 F u e l valves. 
4b,435 F u e l s t ra iner . 
4b.438 F u e l system dra ins . 
4b.437 Fue l Je t t i soning sys tem. 

O I L S Y S T E M 

4b.440 Genera l . 
40.441 O i l t a n k c o n s t r u c t i o n . 
4b.442 O i l t a n k tests. 
4b.443 O i l t a n k i n s t a l l a t i o n . 
4b.444 O i l l ines a n d f i t t i n g s . 
4ta.445 O i l valves. 
4b.446 O i l rad ia tors . 
4b.447 O i l n i t e r s . 
4b.448 O i l sys tem dra ins . 
4b.449 Propel ler f e a the r ing system. 

COOLING S Y S T E M 

4b.450 Genera l . 
4b.451 C o o l i n g tests. 
4ta.4B2 C l i m b coo l ing test procedure . 
4b.453 Take-of f coo l ing test procedure . 
4b,454 Coo l ing test procedure for flying b o a t 

ope ra t i on . 
4b .455 L i q u i d coo l ing systems. 
4b.456 Coolan t t a n k . 
4b.457 Coolan t system I n s t a l l a t i o n . 

I N D U C T I O N A N D E X H A U S T S Y S T E M S 

4b.460 Genera l . 
4b.461 I n d u c t i o n sys tem d e - l c l n g a n d a n t l -

l c l n g provis ions . 
4b.462 Carbure tor a i r preheater des ign. 
4b.463 I n d u c t i o n system duc t s . 
4b.464 I n d u c t i o n system screens. 
4b.4fl5 Carbure to r a i r coo l ing . 
4b,468 In te r -coo le r s a n d af ter-coolers . 
4b.467 Exhaus t sys tem a n d I n s t a l l a t i o n 

componen t s . 

P O W E E P L A N T C O N T R O L S A N D A C C E S S O R I E S 

4b.470 P o w e r p l a n t con t ro l s ; general . 
4b.471 T h r o t t l e a n d A . D . I . sys tem con t ro l s . 
4b.472 I g n i t i o n swi tches . 
4b.473 M i x t u r e con t ro l s , 
4b.474 Propel ler con t ro l s . 
4b.475 F u e l sys tem con t ro l s . 
4b.476 Carbure to r a i r prehea t con t ro l s . 
4b.476a Supercharger con t ro l s . 
4b.477 Powerp l an t accessories. 
4b.478 Eng ine I g n i t i o n systems. 

P O W E R P L A N T F I R E P R O T E C T I O N 

4b,480 Designated fire zones, 
4b.481 F l a m m a b l e fluids. 
4b.4B2 Shut -OS means . 
4b,403 L ines a n d f i t t i n g s . 
4b.484 F i r e ex t ingu i she r systems. 
4b.486 F i r e detector systems. 
4b.406 F i r e wa l l s . 
4b.487 C o w l i n g a n d nacel le s k i n . 
4b,488 Eng ine accessory sect ion d i a p h r a g m . 
4b.4B9 Dra inage a n d v e n t f i a t l o n o f fire 

zones, 
4b.490 P r o t e c t i o n o f o t h e r a i rp lane c o m 

pone n t s agains t fire. 

Subpar t F — E q u i p m e n t 

G E N E R A L 
S e c 
4b.60O Scope. 
4b.601 F u n c t i o n a l a n d I n s t a l l a t i o n s ! r e 

q u i r e m e n t s . 
4b.602 R e q u i r e d basic e q u i p m e n t . 
4b.603 F l i g h t and n a v i g a t i o n a l I n s t r u m e n t s . 
4b,604 P o w e r p l a n t i n s t r u m e n t s . 
4b .605 Miscel laneous e q u i p m e n t . 
4b.606 E q u i p m e n t , systems, a n d I n s t a l l a 

t i o n s . 

I N S T R U M E N T S ; I N S T A L L A T I O N 

4b ,610 Genera l . 
4b.611 A r r a n g e m e n t a n d v i s l b U l t y o f I n s t r u 

m e n t i n s t a l l a t i o n s . 
4b,612 P l i g h t a n d n a v i g a t i o n a l I n s t r u m e n t s . 
4b.813 P o w e r p l a n t I n s t r u m e n t s . 

E L E C T R I C A L S Y S T E M S A N D E Q U I P M E N T 

4b.620 Genera l . 
4b.621 E lec t r i c a l sys tem capac i ty . 
4b.622 G e n e r a t i n g sys tem. 
4b.623 D i s t r i b u t i o n sys tem. 
4b.624 E lec t r i c a l p r o t e c U o n . 
4b.625 E l e c t r i c a l e q u i p m e n t a n d I n s t a l l a 

t i o n . 
4b.626 E l e c t r i c a l sys tem Ore a n d smoke p r o 

t e c t i o n . 
4b.627 E lec t r i c a l sys tem tests a n d analyses. 

4b.630 I n s t r u m e n t l i g h t s . 
4b.631. L a n d i n g l i g h t s . 
4b.632 P o s i t i o n l i g h t sys tem I n s t a l l a t i o n . 
4b,933 P o s i t i o n l i g h t system d i h e d r a l angles. 
4b.634 P o s i t i o n l i g h t d i s t r i b u t i o n a n d I n 

tens i t ies . 
4b.635 P o s i t i o n l i g h t color specif ica t ions . 
4b,636 R i d i n g l i g h t . 
4b.637 A n t i - c o l l i s i o n l i g h t . 

SAFETY EQUIPMENT 

4b.640 Ice p r o t e c t i o n . 
4b.641 H a n d fire ex t ingu ishers . 
4b.642 F la re i n s t a l l a t i o n . 
4b.643 Safety bel ts . 
4b.644 Safety b e l t s igna l , 
4b.645 D i t c h i n g e q u i p m e n t . 
4b.646 Stowage of safety e q u i p m e n t . 

M I S C E L L A N E O U S E Q U I P M E N T 

4b.650 Rad io a n d e lec t ron ic e q u i p m e n t . 
4b.651 Oxygen e q u i p m e n t a n d supp ly , 
4b.052 E n g i n e - d r i v e n accessories. 
4D.653 H y d r a u l i c systems; s t r e n g t h . 
4b.654 H y d r a u l i c systems; des ign . 
4b.665 H y d r a u l i c sys tem fire p r o t e c t i o n . 
4b.658 V a c u u m systems. 

Subpar t C — O p e r a t i n g L i m i t a t i o n ! e n d 
In format ion 

4b .700 Scope. 

OPERA T I N G L I M I T A T I O N S 

4b.710 Air -speed l i m i t a t i o n s ; genera l . 
4b.711 Never-exceed speed Vrl. 
4b.713 N o r m a l ope ra t ing l i m i t speed Vso. 
4b.713 M a n e u v e r i n g speed. 
4b.714 F l a p extended speed V r t . 
4to.715 L a n d i n g gear ope ra t i ng speed F „ , 
4b. 718 L a n d i n g gear ex tended speed VLM. 
4b.717 M i n i m u m c o n t r o l speed Vr0. 
4b,718 P o w e r p l a n t l i m i t a t i o n s . 
4b.719 A i r p l a n e w e i g h t , center o f g r a v i t y , 

a n d w e i g h t d i s t r i b u t i o n l i m i t a 
t i o n s . 

4b.720 M i n i m u m flight crew. 
4b.721 Types o f ope ra t i on . 
4b.722 M a x i m u m o p e r a t i n g a l t i t u d e . 
4b.723 M a n e u v e r i n g flight l o a d fac tors . 

M A R K I N G S A N D PLACARDS 

4D.730 Genera l . 
4b .73l I n s t r u m e n t m a r k i n g s ; genera l . 
4b.732 Air -speed i n d i c a t o r . 
4b.733 M a g n e t i c d i r e c t i o n I n d i c a t o r . 
4b.734 P o w e r p l a n t I n s t r u m e n t s ; genera l , 
ib ,736 O i l q u a n t i t y i n d i c a t o r s . 
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S U B P A R T A — G E N E R A l 

APPLICABILITY AND DEFINITIONS 

I 4b.O Applicability of this part. T h i s 
p a r t e s t a b l i s h e s s t a n d a r d s w i t h w h i c h 
c o m p l i a n c e s h a l l be d e m o n s t r a t e d f o r t h e 
i s s u a n c e of a t y p e c e r t i f i c a t e f o r t r a n s 
p o r t c a t e g o r y a i r p l a n e s . T h i s p a r t , u n t i l 
s u p e r s e d e d o r r e s c i n d e d , s h a l l a p p l y to a l l 
t r a n s p o r t c a t e g o r y a i r p l a n e s for w h i c h 
a p p l i c a t i o n s f o r t y p e c e r t i f i c a t i o n i n t h e 
t r a n s p o r t c a t e g o r y a r e m a d e a f t e r t h e 
effective d a t e of t h i s p a r t ( N o v e m b e r 9, 
1 9 4 5 ) . 

§ 4b. 1 Definitions. A s u s e d i n t h i s 
p a r t t e r m s a r e de f ined a s f o l l o w s : 

( a ) Administration—(1) Administra
tor. T h e A d m i n i s t r a t o r i s t h e A d m i n i s 
t r a t o r of C i v i l A e r o n a u t i c s . 

( 2 ) Applicant. A n a p p l i c a n t i s a p e r 
s o n o r p e r s o n s a p p l y i n g for a p p r o v a l o f 
a n a i r p l a n e o r a n y p a r t thereof . 

( 3 ) Approved. A p p r o v e d , w h e n u s e d 
a l o n e or a s m o d i f y i n g t e r m s s u c h a s 
m e a n s , dev ices , spec i f i ca t ions , e tc . , s h a l l 
m e a n a p p r o v e d b y t h e A d m i n i s t r a t o r . 
( S e e § 4b, 18.) 

(b ) General design—(1) Standard at
mosphere. T h e s t a n d a r d a t m o s p h e r e is 
a n a t m o s p h e r e def ined a s f o l l o w s : 

(1) T h e a i r i s a d r y , p e r f e c t g a s , 
( i i ) T h e t e m p e r a t u r e a t s e a l e v e l I s 

5 8 ° P . , 
( i i i ) T h e p r e s s u r e a t s e a l e v e l I s 29.92 

I n c h e s H g , 
( i v ) T h e t e m p e r a t u r e g r a d i e n t f r o m 

s e a l e v e l to t h e a l t i t u d e a t w h i c h t h e t e m 
p e r a t u r e e q u a l s — 6 7 ° P . i s —0.003568* 
F . / f t . a n d zero t h e r e a b o v e , 

( v ) T h e d e n s i t y p, a t s e a l e v e l u n d e r 
t h e a b o v e c o n d i t i o n s i s 0.002373 p o u n d s 
s e c ' / f t . ' . 

(2 ) Maximum anticipated air tem
perature. T h e m a x i m u m a n t i c i p a t e d a i r 
t e m p e r a t u r e i s a t e m p e r a t u r e spec i f i ed 
f o r t h e p u r p o s e of c o m p l i a n c e w i t h t h e 
p o w e r p l a n t c o o l i n g s t a n d a r d s . ( S e e 
5 4b.451 (b).) 

(3) Airplane configuration. A i r p l a n e 
c o n f i g u r a t i o n i s a t e r m r e f e r r i n g to t h e 
p o s i t i o n of t h e v a r i o u s e l e m e n t s a f f ec t 
i n g t h e a e r o d y n a m i c c h a r a c t e r i s t i c s o f 
t h e a i r p l a n e (e. g., w i n g flaps, l a n d i n g 
g e a r ) . 

(4) Aerodynamic coefficients. A e r o 
d y n a m i c coeff icients a r e n o n d i m e n s i o n a l 
coeff ic ients f o r f o r c e s a n d m o m e n t s . 
T h e y c o r r e s p o n d w i t h those a d o p t e d b y 
t h e U . S . N a t i o n a l A d v i s o r y C o m m i t t e e 
f o r A e r o n a u t i c s . 

(5) C r i t i c a l engine <.s). T h e c r i t i c a l 
e n g i n e i s t h a t eng ine ( s ) t h e f a i l u r e of 
w h i c h g ives t h e m o s t a d v e r s e effect o n 



t h e a i r p l a n e f l ight c h a r a c t e r i s t i c s r e l a 
t i ve to t h e c a s e u n d e r c o n s i d e r a t i o n . 

( 6 ) Cr i 11 c a l-engine-failure speed. 
T h e c r i t i c a l - e n g i n e - f a i l u r e speed i s t h e 
a i r p l a n e speed u s e d i n t h e d e t e r m i n a t i o n 
o f t h e take-on* a t w h i c h t h e c r i t i c a l 
e n g i n e i s a s s u m e d to f a i l . (See i 4b.il4.) 

<c> Weights—(1) Maximum weight. 
T h e m a x i m u m w e i g h t of t h e a i r p l a n e i s 
t h a t m a x i m u m a t w h i c h c o m p l i a n c e 
w i t h t h e r e q u i r e m e n t s o f t h i s p a r t i s 
d e m o n s t r a t e d . ( S e e §4b.l01 ( a ) . ) 

(2) Minimum weight. T h e m i n i m u m 
w e i g h t of t h e a i r p l a n e i s t h a t m i n i m u m 
a t w h i c h c o m p l i a n c e w i t h t h e r e q u i r e 
m e n t s of t h i s p a r t i s d e m o n s t r a t e d . ( S e a 
S 4b . l 01 (c> . ) 

(3> Empty weight. T h e e m p t y w e i g h t 
of t h e a i r p l a n e i s a r e a d i l y r e p r o d u c i b l e 
w e i g h t w h i c h I s u s e d i n t h e d e t e r m i n a 
t i o n of t h e o p e r a t i n g we ights . ( S e e 
5 4D.104.) 

(4) Design m a x i m u m weight. T h e 
d e s i g n m a x i m u m w e i g h t i s t h e m a x i m u m 
w e i g h t of t h e a i r p l a n e u s e d i n s t r u c t u r a l 
d e s i g n f o r flight l o a d c o n d i t i o n s . ( S e e 
J 40.210.) 

( 5 ) Design minimum weight. T h e d e 
s i g n m i n i m u m w e i g h t i s t h e m i n i m u m 
w e i g h t of t h e a i r p l a n e a t w h i c h c o m 
p l i a n c e i s s h o w n w i t h t h e s t r u c t u r a l 
l o a d i n g c o n d i t i o n s . ( S e e !4b ,210.) 

(6) Design take-off weight. T h e d e 
s i g n take -o f f w e i g h t i s t h e m a x i m u m 
a i r p l a n e w e i g h t u s e d i n s t r u c t u r a l d e s i g n 
f o r t a x y l n g c o n d i t i o n s , a n d f o r l a n d i n g 
c o n d i t i o n s a t a r e d u c e d v e l o c i t y of 
descent . ( S e e 5 4b.210.) 

(7) Design landing weight. T h e d e 
s i g n l a n d i n g w e i g h t i s t h e m a x i m u m a i r 
p l a n e w e i g h t u s e d i n s t r u c t u r a l d e s i g n 
f o r l a n d i n g c o n d i t i o n s a t t h e m a x i m u m 
v e l o c i t y of descen t . ( S e e 5 4b.230 ( b ) . ) 

( 8 ) Design, unit weight. T h e d e s i g n 
u n i t w e i g h t I s a r e p r e s e n t a t i v e w e i g h t 
u s e d to s h o w c o m p l i a n c e w i t h t h e s t r u c 
t u r a l des ign r e q u i r e m e n t s . 

( i ) G a s o l i n e 6 p o u n d s p e r U . S . g a l l o n . 
( i i ) L u b r i c a t i n g o i l 7.5 p o u n d s p e r 

U. S . g a l l o n . 
( i i i ) C r e w a n d p a s s e n g e r s 170 p o u n d s 

p e r p e r s o n . 
( d ) S p e e d s — ( T > I A S : I n d i c a t e d a i r 

s p e e d i s e q u a l to t h e pi tot s t a t i c a i r 
s p e e d I n d i c a t o r r e a d i n g a s I n s t a l l e d i n 
t h e a i r p l a n e w i t h o u t c o r r e c t i o n f o r a i r 
s p e e d i n d i c a t o r s y s t e m e r r o r s b u t I n c l u d 
i n g t h e s e a l e v e l s t a n d a r d a d i a b a t i c 
c o m p r e s s i b l e flow c o r r e c t i o n . ( T h i s l a t 
t e r c o r r e c t i o n i s I n c l u d e d i n t h e c a l i b r a 
t i o n of t h e a i r - s p e e d i n s t r u m e n t d i a l s . ) 
( S e e S3 4b.612 ( a ) a n d 4b.710.) 

<2) CAS: C a l i b r a t e d a i r speed I s 
e q u a l t o t h e a i r - s p e e d i n d i c a t o r r e a d i n g 
c o r r e c t e d for p o s i t i o n a n d i n s t r u m e n t 
e r r o r . ( A s a r e s u l t of t h e s e a l eve l 
a d i a b a t i c c o m p r e s s i b l e f low c o r r e c t i o n to 
t h e a i r - s p e e d I n s t r u m e n t d i a l , C A S i s 
e q u a l to t h e t r u e a i r speed T A S i n s t a n d 
a r d a t m o s p h e r e a t s e a leve l . ) 

( 3 ) E A S : E q u i v a l e n t a i r s p e e d i s 
e q u a l to t h e a i r - s p e e d I n d i c a t o r r e a d i n g 
c o r r e c t e d f o r p o s i t i o n e r r o r , i n s t r u m e n t 
e r r o r , a n d for a d i a b a t i c c o m p r e s s i b l e 
flow f o r t h e p a r t i c u l a r a l t i t u d e . ( E A S 
i s e q u a l to C A S a t s e a l e v e l i n s t a n d a r d 
a t m o s p h e r e . ) 

( 4 ) T A S : T r u e a i r s p e e d of t h e a i r 
p l a n e r e l a t i v e t o u n d i s t u r b e d a i r . 
( T A S = E A S ( P o / p ) i / » . > 

( 5 ) VA: The design m a n e u v e r i n g 
speed . ( S e e § 4 b 2 t 0 ( b ) ( 2 ) . ) 

(6) VB: T h e d e s i g n speed for m a x i 
m u m g u s t I n t e n s i t y . (See 3 4b,210 (b ) 
( 3 ) . ) 

( 7 ) V0: T h e d e s i g n c r u i s i n g s p e e d . 
( S e e § 4b.210 ( b ) ( 4 ) . ) 

(8 ) VD: T h e d e s i g n d i v i n g speed . 
(See § 4b,210 (b ) ( 5 ) . ) 

(9) VDF: T h e d e m o n s t r a t e d f l ight 
d i v i n g speed. ( S e e 5 4 b . l 9 0 . ) 

(10) VF: T h e d e s i g n flap speed f o r 
flight l o a d i n g c o n d i t i o n s w i t h w i n g flaps 
i n t h e l a n d i n g pos i t ion . ( S e e § 4b 210 
( b ) ( D . ) 

(11) VFS: T h e flap e x t e n d e d s p e e d i s 
a m a x i m u m speed w i t h w i n g flaps i n 
a p r e s c r i b e d e x t e n d e d pos i t ion . ( S e e 
S4b .714 . ) 

( 12 ) V L B . * T h e l a n d i n g g e a r e x t e n d e d 
s p e e d i s t h e m a x i m u m speed a t w h i c h 
t h e a i r p l a n e c a n be flown sa fe ly w i t h t h e 
l a n d i n g g e a r ex tended . ( S e e i 4b.716.) 

(13) 7 i 0 : T h e l a n d i n g g e a r o p e r a t i n g 
s p e e d I s a m a x i m u m speed a t w h i c h t h e 
l a n d i n g g e a r c a n be r a i s e d o r l o w e r e d 
sa fe ly . ( S e e 5 4b.715.) 

(14) V u o : T h e m i n i m u m c o n t r o l 
s p e e d w i t h t h e c r i t i c a l e n g i n e I n o p e r a 
t ive . ( S e e § 4b,133.) 

(15) VNB: T h e n e v e r - e x c e e d speed . 
( S e e § 4b.711.) 

(16) V H 0 : T h e n o r m a l o p e r a t i n g l i m i t 
speed . ( S e e § 4b.712.) 

(17) Vi0: T h e s t a l l i n g s p e e d or t h e 
m i n i m u m s t e a d y flight speed w i t h w i n g 
flaps i n t h e l a n d i n g p o s i t i o n . ( S e e 
$1 4b,112 (a> a n d 4 b . l 6 0 . ) 

( 18 ) Vtl: T h e s t a l l i n g speed o r t h e 
m i n i m u m s t e a d y flight speed o b t a i n e d I n 
a spec i f ied c o n f i g u r a t i o n . (See 5 4 b . l l 2 
( b ) J 

(19) V , : T h e c r i t l c a l - e n g l n e - f a i l u r e 
s p e e d . ( S e e § 4b. 114.) 

(20) V 2 : T h e take -o f f s a f e t y s p e e d . 
( S e e 5 4 b . l l 4 (b>.) 

( e ) Structural—(I) Limit load. A 
l i m i t l o a d i s t h e m a x i m u m l o a d a n t i c i 
p a t e d i n n o r m a l c o n d i t i o n s o f o p e r a t i o n . 
(See § 4b.200.) 

<2) Ultimate load. A n u l t i m a t e l o a d 
i s a l i m i t l o a d m u l t i p l i e d b y t h e a p p r o 
p r i a t e factor o f sa fe ty . ( S e e S 4b.200.) 

(3) F a c t o r of safety. T h e f a c t o r of 
sa fe ty i s a d e s i g n f a c t o r u s e d to p r o v i d e 
f o r t h e poss ib i l i ty of l o a d s g r e a t e r t h a n 
those a n t i c i p a t e d i n n o r m a l C o n d i t i o n s 
of o p e r a t i o n a n d f o r u n c e r t a i n t i e s i n 
des ign . ( S e e 5 4b.200 ( a ) . ) 

( 4 ) Load factor. T h e l o a d f a c t o r I s 
t h e r a t i o of a speci f ied l o a d to t h e t o t a l 
w e i g h t o f t h e a i r p l a n e ; t h e speci f ied l o a d 
m a y be expres sed i n t e r m s of a n y of t h e 
f o l l o w i n g : a e r o d y n a m i c f o r c e s , i n e r t i a 
forces , o r g r o u n d or w a t e r r e a c t i o n s . 

( 5 ) Limit load factor. T h e l i m i t l o a d 
f a c t o r i s t h e l o a d f a c t o r c o r r e s p o n d i n g 
W i t h l i m i t loads . 

( 6 ) Ultimate load factor. T h e u l t i 
m a t e l o a d f a c t o r i s t h e l o a d f a c t o r c o r r e 
s p o n d i n g w i t h u l t i m a t e l o a d s , 

(7 ) Checked pitching maneuver. A 
c h e c k e d p i t c h i n g m a n e u v e r I s one i n 
w h i c h t h e p i t c h i n g c o n t r o l i s s u d d e n l y 
d i s p l a c e d i n one d i r e c t i o n a n d t h e n s u d 
d e n l y m o v e d i n t b e opposi te d i r e c t i o n , 
t h e def lect ions a n d t i m i n g b e i n g s u c h as 
to a v o i d e x c e e d i n g t h e l i m i t m a n e u v e r i n g 
l o a d f a c t o r . 

(fi> Design wing area. T h e d e s i g n 
w i n g a r e a i s t h e a r e a e n c l o s e d b y t h e 
w i n g out l ine ( i n c l u d i n g w i n g flaps i n t h e 
r e t r a c t e d p o s i t i o n a n d a i l e r o n s , b u t e x 
c l u d i n g fillets or f a i r i n g s ) o n a s u r f a c e 
c o n t a i n i n g t h e w i n g c h o r d s . T h e o u t l i n e 
i s a s s u m e d to be e x t e n d e d t h r o u g h t h e 
n a c e l l e s a n d fuse lage to t h e p l a n e of 
s y m m e t r y i n a n y r e a s o n a b l e m a n n e r . 

( 9 ) Balancing tail load. A b a l a n c i n g 
t a i l l o a d i s t h a t l o a d n e c e s s a r y t o p l a c e 
t h e a i r p l a n e i n e q u i l i b r i u m w i t h zero 
p i t c h a c c e l e r a t i o n . 

(10 ) Fitting. A f i t t ing i s a p a r t o r 
t e r m i n a l u s e d t o j o i n one s t r u c t u r a l 
m e m b e r to a n o t h e r . ( S e e § 4b.307 ( c ) . ) 

( f ) Power installation1—(1) Brake 
horsepower. B r a k e h o r s e p o w e r i s t h e 
p o w e r de l ivered a t t h e p r o p e l l e r s h a f t Of 
t h e eng ine . 

(2) Take-off power. T a k e - o f f p o w e r 
i s t h e b r a k e h o r s e p o w e r deve loped u n d e r 
s t a n d a r d s e a l eve l c o n d i t i o n s , u n d e r t h e 
m a x i m u m c o n d i t i o n s of c r a n k s h a f t r o t a 
t i o n a l speed a n d e n g i n e m a n i f o l d p r e s 
s u r e a p p r o v e d f o r use I n t h e n o r m a l 
take-off , a n d l i m i t e d i n u s e to a m a x i 
m u m c o n t i n u o u s p e r i o d a s i n d i c a t e d i n 
t h e a p p r o v e d e n g i n e s p e c i f i c a t i o n . 

(3) Maximum continuous power. 
M a x i m u m c o n t i n u o u s p o w e r i s t h e b r a k e 
h o r s e p o w e r deve loped i n s t a n d a r d a t 
m o s p h e r e a t a spec i f ied a l t i t u d e u n d e r 
t h e m a x i m u m c o n d i t i o n s of c r a n k s h a f t 
r o t a t i o n a l speed a n d e n g i n e m a n i f o l d 
p r e s s u r e a p p r o v e d f o r u s e d u r i n g p e r i o d s 
of u n r e s t r i c t e d d u r a t i o n . 

(4 ) Manifold pressure. M a n i f o l d 
p r e s s u r e I s t h e abso lute p r e s s u r e m e a s 
u r e d a t t h e a p p r o p r i a t e p o i n t i n t h e i n 
d u c t i o n s y s t e m , u s u a l l y i n i n c h e s of 
m e r c u r y . 

( 5 ) Critical altitude. T h e c r i t i c a l 
a l t i t u d e i s t h e m a x i m u m a l t i t u d e a t 
w h i c h i n s t a n d a r d a t m o s p h e r e i t i s p o s 
s ib le to m a i n t a i n , a t a spec i f i ed r o t a 
t i o n a l s p e e d , a speci f ied p o w e r o r a s p e c i 
fied m a n i f o l d p r e s s u r e . U n l e s s o t h e r w i s e 
s t a t e d , t h e c r i t i c a l a l t i t u d e i s t h e m a x i 
m u m a l t i t u d e a t w h i c h i t i s poss ib le t o 
m a i n t a i n , a t t h e m a x i m u m c o n t i n u o u s 
r o t a t i o n a l speed , one o f t h e f o l l o w i n g : 

( i ) T h e m a x i m u m c o n t i n u o u s p o w e r . 
I n t h e c a s e of e n g i n e s f o r w h i c h t h i s 
p o w e r r a t i n g is t h e s a m e a t s e a l e v e l 
a n d a t t h e r a t e d a l t i t u d e , 

(11) T h e m a x i m u m c o n t i n u o u s r a t e d 
m a n i f o l d p r e s s u r e , I n t h e c a s e o f e n g i n e s 
t h e m a x i m u m c o n t i n u o u s p o w e r of 
w h i c h i s g o v e r n e d b y a c o n s t a n t m a n i f o l d 
p r e s s u r e . 

(6) Pitch setting. P i t c h s e t t i n g i s t h e 
p r o p e l l e r b l a d e s e t t i n g d e t e r m i n e d b y 
t h e b l a d e a n g l e m e a s u r e d i n a m a n n e r , 
a n d a t a r a d i u s , spec i f ied I n t h e i n 
s t r u c t i o n m a n u a l for t h e prope l l er . 

( 7 ) Feathered pitch. F e a t h e r e d p i t c h 
i s t h e p i t c h s e t t i n g w h i c h i n flight, w i t h 
t h e e n g i n e s s topped, g ives a p p r o x i m a t e 
l y t h e m i n i m u m d r a g a n d c o r r e s p o n d s 
w i t h a w i n d m l l l i n g t o r q u e of a p p r o x i 
m a t e l y zero . 

(8) Reverse pitch. R e v e r s e p i t c h i s 
t h e prope l l er p i t c h s e t t i n g for a n y b l a d e 

1 For engine a i rwor th iness r e q u i r e m e n t s eee 
P a r t 13 of t h i s subchapter ; f o r p rope l l e r a i r 
wor th iness r e q u i r e m e n t s see P a r t 14 o f t h i s 
subchapter . 
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a n g l e u s e d b e y o n d zero p i t c h (e . g., t h e 
n e g a t i v e ang le u s e d f o r r e v e r s e t h r u s t ) . 

(g ) F i r e protection—(1) Fireproof. 
F i r e p r o o f m a t e r i a l m e a n s a m a t e r i a l 
w h i c h w i l l w i t h s t a n d h e a t a t l e a s t a s 
w e l l as s tee l i n d i m e n s i o n s a p p r o p r i a t e 
f o r t h e p u r p o s e for w h i c h i t i s to be u s e d . 
W h e n a p p l i e d to m a t e r i a l a n d p a r t s u s e d 
to conf ine fires i n d e s i g n a t e d fire zones , 
f i reproof m e a n s t h a t t h e m a t e r i a l o r p a r t 
w i l l p e r f o r m t h i s f u n c t i o n u n d e r t h e 
m o s t severe c o n d i t i o n s of flre a n d d u r a 
t i o n l i k e l y to o c c u r i n s u c h zones . 

( 2 ) Fire-resistant. W h e n a p p l i e d to 
s h e e t or s t r u c t u r a l m e m b e r s , f i r e - r e s i s t 
a n t m a t e r i a l m e a n s a m a t e r i a l w h i c h 
w i l l w i t h s t a n d h e a t a t l e a s t a s w e l l as 
a l u m i n u m a l l o y i n d i m e n s i o n s a p p r o 
p r i a t e for t h e p u r p o s e for w h i c h i t i s to 
toe u s e d . W h e n a p p l i e d to fluid-carrying 
l i n e s , o t h e r flammable fluid s y s t e m c o m 
p o n e n t s , w i r i n g , a i r duc t s , f i t t ings , a n d 
p o w e r p l a n t contro l s , t h i s t e r m re fer s to 
a l i n e a n d f i t t ing a s sembly , c o m p o n e n t , 
w i r i n g o r d u c t , o r c o n t r o l s w h i c h w i l l 
p e r f o r m t h e I n t e n d e d f u n c t i o n s u n d e r 
t h e h e a t a n d o t h e r c o n d i t i o n s l ike ly to 
o c c u r a t t h e p a r t i c u l a r l o c a t i o n . 

(3) Flame-resistant. F l a m e - r e s i s t a n t 
m a t e r i a l m e a n s m a t e r i a l w h i c h w i l l n o t 
s u p p o r t c o m b u s t i o n to t h e p o i n t of 
p r o p a g a t i n g , b e y o n d safe l i m i t s , a flame 
a f t e r t h e r e m o v a l of t h e i g n i t i o n source . 

(4) Flash-resistant F l a s h - r e s i s t a n t 
m a t e r i a l m e a n s m a t e r i a l w h i c h w i l l n o t 
b u r n v i o l e n t l y w h e n i g n i t e d . 

(5) Flammable. F l a m m a b l e p e r t a i n s 
to those fluids or gases w h i c h w i l l i g n i t e 
r e a d i l y or explode . 

( h ) Miscellaneous—CI) Supplemental 
breathing equipment. S u p p l e m e n t a l 
b r e a t h i n g e q u i p m e n t is e q u i p m e n t d e 
s i g n e d to s u p p l y t h e s u p p l e m e n t a r y o x y 
g e n r e q u i r e d to p r o t e c t a g a i n s t a n o x i a 
a t a l t i t u d e s w h e r e t h e p a r t i a l p r e s s u r e 
of o x y g e n i n a m b i e n t a i r is r e d u c e d . 
( S e e § 4b.651.) 

(2 ) Protective breathing equipment. 
P r o t e c t i v e b r e a t h i n g e q u i p m e n t i s e q u i p 
m e n t des igned t o p r e v e n t t h e b r e a t h i n g 
of n o x i o u s gases w h i c h m i g h t be p r e s e n t 
a s c o n t a m i n a n t s i n t h e a i r w i t h i n t h e 
a i r p l a n e i n e m e r g e n c y s i tua t ions . (See 
I 4U.651.) 

C E R T I F I C A T I O N 

5 4 b . l 0 Eligibility for type certificates. 
A n a i r p l a n e s h a l l be e l ig ible f o r t y p e 
c e r t i f i c a t i o n u n d e r t h e p r o v i s i o n s of t h i s 
p a r t i f i t c o m p l i e s w i t h t h e a i r w o r t h i 
n e s s p r o v i s i o n s e s t a b l i s h e d b y t h i s p a r t 
o r i f t h e A d m i n i s t r a t o r finds t h a t t h e 
p r o v i s i o n o r p r o v i s i o n s n o t c o m p l i e d w i t h 
a r e c o m p e n s a t e d f o r by f a c t o r s w h i c h 
p r o v i d e a n e q u i v a l e n t l eve l o f s a f e t y : 
Provided. T h a t t h e A d m i n i s t r a t o r finds 
n o f e a t u r e or c h a r a c t e r i s t i c of t h e a i r 
p l a n e w h i c h r e n d e r s i t u n s a f e f o r t h e 
t r a n s p o r t c a t e g o r y . 

§ 4 b . l l Designation of applicable 
regulations, (a.) T h e p r o v i s i o n s of t h i s 
p a r t , t o g e t h e r w i t h a l l a m e n d m e n t s 
t h e r e t o effective o n t h e d a t e of a p p l i c a 
t i o n f o r type cer t i f i ca te , s h a l l be c o n 
s i d e r e d a s i n c o r p o r a t e d i n t h e t y p e c e r 
t i f icate a s t h o u g h set f o r t h i n f u l l . 

( b ) E x c e p t a s o t h e r w i s e p r o v i d e d b y 
t h e B o a r d , o r p u r s u a n t to § 1.24 of t h i s 
s u b c h a p t e r b y t h e A d m i n i s t r a t o r , a n y 
c h a n g e to t h e t y p e d e s i g n m a y be a c 

c o m p l i s h e d , a t t h e o p t i o n o f t h e h o l d e r 
o f t h e t y p e cer t i f i ca te , e i t h e r i n a c c o r d 
a n c e w i t h t h e p r o v i s i o n s i n c o r p o r a t e d 
b y r e f e r e n c e i n t h e c e r t i f i c a t e p u r s u a n t 
to p a r a g r a p h ( a ) o f t h i s s e c t i o n , o r i n 
a c c o r d a n c e w i t h t h e p r o v i s i o n s I n effect 
a t t h e t i m e t h e a p p l i c a t i o n f o r c h a n g e i s 
filed. 

( c ) T h e A d m i n i s t r a t o r , u p o n a p p r o v a l 
of a c h a n g e t o a t y p e d e s i g n , s h a l l d e s i g 
n a t e a n d keep a r e c o r d of the p r o v i s i o n s 
of t h e r e g u l a t i o n s i n t h i s s u b c h a p t e r w i t h 
W h i c h c o m p l i a n c e w a s d e m o n s t r a t e d . 

§ 4b. 12 Amendment of part. U n l e s s 
o t h e r w i s e e s t a b l i s h e d b y t h e B o a r d , a n 
a m e n d m e n t of t h i s p a r t s h a l l be effective 
w i t h r e s p e c t to a i r p l a n e s for w h i c h a p 
p l i c a t i o n s f o r t y p e cer t i f i ca t e s a r e filed 
a f t e r t h e effective d a t e o f t h e a m e n d 
m e n t . 

§ 4b. 13 Type certificate, ( a ) A n a p 
p l i c a n t s h a l l be i s s u e d a t y p e c e r t i f i c a t e 
w h e n h e d e m o n s t r a t e s t h e e l ig ib i l i ty of 
t h e a i r p l a n e b y c o m p l y i n g w i t h t h e r e 
q u i r e m e n t s of t h i s p a r t i n a d d i t i o n to 
t h e a p p l i c a b l e r e q u i r e m e n t s i n F a r t 1 o f 
t h i s s u b c h a p t e r . 

(b ) T h e t y p e c e r t i f i c a t e s h a l l be 
d e e m e d to I n c l u d e t h e t y p e d e s i g n (see 
8 4 b . l 4 ( b ) ) , t h e o p e r a t i n g l i m i t a t i o n s 
f o r t h e a i r p l a n e (see 5 4 b . 7 0 0 ) , a n d a n y 
o t h e r c o n d i t i o n s o r l i m i t a t i o n s p r e 
s c r i b e d b y t h e r e g u l a t i o n s i n t h i s s u b 
c h a p t e r . ( S e e a l so § 4 b . l l ( a ) . ) 

i 4 b . l 4 Data required, ( a ) T h e a p 
p l i c a n t f o r a t y p e c e r t i f i c a t e s h a l l s u b m i t 
to t h e A d m i n i s t r a t o r s u c h d e s c r i p t i v e 
d a t a , t e s t r e p o r t s , a n d c o m p u t a t i o n s a s 
a r e n e c e s s a r y to d e m o n s t r a t e t h a t t h e 
a i r p l a n e c o m p l i e s w i t h the r e q u i r e m e n t s 
o f t h i s p a r t . 

(b ) T h e d e s c r i p t i v e d a t a r e q u i r e d i n 
p a r a g r a p h ( a ) of t h i s s e c t i o n s h a l l b e 
k n o w n a s t h e t y p e d e s i g n a n d s h a l l c o n 
s i s t o f s u c h d r a w i n g s a n d s p e c i f i c a t i o n s 
a s a r e n e c e s s a r y to d i sc lose t h e c o n f i g u 
r a t i o n o f t h e a i r p l a n e a n d a l l t h e d e s i g n 
f e a t u r e s c o v e r e d i n t h e r e q u i r e m e n t s o f 
t h i s p a r t , s u c h i n f o r m a t i o n o n d i m e n 
s i o n s , m a t e r i a l s , a n d processes a s i s n e c 
e s s a r y to def ine t h e s t r u c t u r a l s t r e n g t h 
of t h e a i r p l a n e , a n d s u c h o t h e r d a t a a s 
a r e n e c e s s a r y to p e r m i t b y c o m p a r i s o n 
t h e d e t e r m i n a t i o n of t h e a i r w o r t h i n e s s of 
s u b s e q u e n t a i r p l a n e s o f t h e s a m e type , 

§ 4 b . l 5 I n s p e c t i o n s and tests. I n 
s p e c t i o n s a n d t e s t s s h a l l i n c l u d e a l l t h o s e 
f o u n d n e c e s s a r y by t h e A d m i n i s t r a t o r t o 
i n s u r e t h a t t h e a i r p l a n e c o m p l i e s w i t h 
t h e a p p l i c a b l e a i r w o r t h i n e s s r e q u i r e 
m e n t s a n d c o n f o r m s to t h e f o l l o w i n g : 

( a ) A l l m a t e r i a l s a n d p r o d u c t s a r e i n 
a c c o r d a n c e w i t h t h e s p e c i f i c a t i o n s i n t h e 
t y p e d e s i g n , 

(b ) A l l p a r t s of t h e a i r p l a n e a r e c o n 
s t r u c t e d i n a c c o r d a n c e w i t h the d r a w i n g s 
i n t h e t y p e d e s i g n , 

( c ) A l l m a n u f a c t u r i n g processes , c o n 
s t r u c t i o n , a n d a s s e m b l y a r e a s spec i f ied 
i n the t y p e des ign . 

I 4b. 16 F K o f i t t es t s . A f t e r p r o o f of 
c o m p l i a n c e w i t h t h e s t r u c t u r a l r e q u i r e 
m e n t s c o n t a i n e d i n t h i s p a r t , a n d u p o n 
c o m p l e t i o n of a l l n e c e s s a r y i n s p e c t i o n s 
a n d t e s t i n g o n t h e g r o u n d , a n d p r o o f o f 
t h e c o n f o r m i t y of the a i r p l a n e w i t h t h e 
t y p e d e s i g n , a n d u p o n r e c e i p t f r o m t h e 
a p p l i c a n t of a r e p o r t of f l i g h t tes t s p e r 

f o r m e d b y h i m , t h e f o l l o w i n g s h a l l b e 
c o n d u c t e d : 

( a ) S u c h official f l ight tests a s t h e A d 
m i n i s t r a t o r finds n e c e s s a r y to d e t e r m i n e 
c o m p l i a n c e w i t h t h e r e q u i r e m e n t s of t h i s 
p a r t . 

(b ) A f t e r t h e c o n c l u s i o n of f l i g h t t e s t s 
spec i f i ed i n p a r a g r a p h ( a ) of t h i s s e c t i o n , 
s u c h a d d i t i o n a l flight t e s t s a s t h e A d 
m i n i s t r a t o r finds n e c e s s a r y t o a s c e r t a i n 
w h e t h e r t h e r e i s r e a s o n a b l e a s s u r a n c e 
t h a t t h e a i r p l a n e , i t s c o m p o n e n t s , a n d 
e q u i p m e n t a r e r e l i a b l e a n d f u n c t i o n 
p r o p e r l y . T h e e x t e n t of s u c h a d d i t i o n a l 
flight t e s t s s h a l l d e p e n d u p o n t h e c o m 
p l e x i t y of t h e a i r p l a n e , t h e n u m b e r a n d 
n a t u r e o f n e w d e s i g n f e a t u r e s , a n d t h e 
r e c o r d of p r e v i o u s t e s t s a n d e x p e r i e n c e 
f o r t h e p a r t i c u l a r a i r p l a n e type , i t s c o m 
p o n e n t s , a n d e q u i p m e n t . 11 p r a c t i c a b l e , 
t h e s e f l ight tes t s s h a l l be c o n d u c t e d o n 
t h e s a m e a i r p l a n e u s e d i n t h e f l i ght t e s t s 
spec i f ied i n p a r a g r a p h (a> o f t h i s s e c t i o n , 

i 4b. It Airworthiness, experimental, 
and production certificates. ( F o r r e 
q u i r e m e n t s w i t h r e g a r d to these c e r t i f i 
c a t e s see P a r t 1 o f t h i s s u b c h a p t e r . ) 

§ 4b,18 Approval of materials, parts, 
processes, and appliances, ( a ) M a t e 
r i a l s , p a r t s , processes , a n d a p p l i a n c e s 
s h a l l be a p p r o v e d u p o n a b a s i s a n d i n a 
m a n n e r f o u n d n e c e s s a r y b y t h e A d m i n 
i s t r a t o r to i m p l e m e n t t h e p e r t i n e n t p r o 
v i s i o n s o f t h e r e g u l a t i o n s i n t h i s s u b 
c h a p t e r . T h e A d m i n i s t r a t o r m a y a d o p t 
a n d p u b l i s h s u c h s p e c i f i c a t i o n s a s h e 
finds n e c e s s a r y to a d m i n i s t e r t h i s r e g u 
l a t i o n , a n d s h a l l i n c o r p o r a t e t h e r e i n 
s u c h p o r t i o n s of t h e a v i a t i o n i n d u s t r y . 
F e d e r a l , a n d m i l i t a r y spec i f i ca t ions r e 
s p e c t i n g s u c h m a t e r i a l s , p a r t s , proces se s , 
a n d a p p l i a n c e s a s h e f inds a p p r o p r i a t e , 

HOTB: T h e p rov is ions ot t n l s pa r ag raph are 
i n t e n d e d t o a l l o w app rova l of ma te r i a l s , 
par ts , processes, a n d appliances t i n d e r the 
sys tem o f T e c h n i c a l S t a n d a r d Orders, o r i n 
c o n j u n c t i o n w i t h type c e r t i f i c a t i o n proce
dures fo r a n a i rp lane , or b y any o t h e r f o r m 
of approva l by t h e A d m i n i s t r a t o r . 

(b ) A n y m a t e r i a l , p a r t , process , or a p 
p l i a n c e s h a l l be d e e m e d to h a v e m e t t h e 
r e q u i r e m e n t s f o r a p p r o v a l w h e n It m e e t s 
t h e p e r t i n e n t spec i f i ca t ions a d o p t e d b y 
t h e A d m i n i s t r a t o r , a n d t h e m a n u f a c 
t u r e r so cert i f ies i n a m a n n e r p r e s c r i b e d 
b y t h e A d m i n i s t r a t o r . 

5 4 b . l 9 C J i a n g e s i n type design. ( F o r 
r e q u i r e m e n t s w i t h r e g a r d to c h a n g e s i n 
t y p e d e s i g n see P a r t 1 o f t h i s s u b 
c h a p t e r , > 

S U B P A R T B — F L I G H T 

GENERAL 
§ 4 b . l 0 0 Proof of compliance, ( a ) 

C o m p l i a n c e w i t h t h e r e q u i r e m e n t s p r e 
s c r i b e d i n t h i s s u b p a r t s h a l l be e s t a b 
l i s h e d b y flight or o t h e r t e s t s c o n d u c t e d 
u p o n a n a i r p l a n e of the t y p e for w h i c h a 
cer t i f i ca te of a i r w o r t h i n e s s i s s o u g h t o r 
b y c a l c u l a t i o n s based on s u c h tests , p r o 
v i d e d t h a t t h e r e s u l t s o b t a i n e d b y c a l c u 
l a t i o n s a r e e q u i v a l e n t i n a c c u r a c y to t h e 
r e s u l t s of d i r e c t t e s t ing . 

(b ) C o m p l i a n c e w i t h e a c h r e q u i r e 
m e n t s h a l l be e s t a b l i s h e d a t a l l a p p r o p r i 
a t e c o m b i n a t i o n s of a i r p l a n e w e i g h t a n d 
c e n t e r of g r a v i t y p o s i t i o n w i t h i n t h e 
r a n g e o f l o a d i n g c o n d i t i o n s f o r w h i c h 
c e r t i f i c a t i o n i s s o u g h t b y s y s t e m a t i c 
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I n v e s t i g a t i o n of a l l t h e s e c o m b i n a t i o n s , 
e x c e p t w h e r e c o m p l i a n c e c a n be i n f e r r e d 
r e a s o n a b l y f r o m those c o m b i n a t i o n s 
w h i c h a r e i n v e s t i g a t e d . 

( c ) T h e c o n t r o l l a b i l i t y , s t a b i l i t y , t r i m , 
a n d s t a l l i n g c h a r a c t e r i s t i c s of t h e a i r 
p l a n e s h a l l be e s t a b l i s h e d a t a l l a l t i t u d e s 
u p to t h e m a x i m u m a n t i c i p a t e d o p e r a t 
i n g a l t i t u d e . 

<d) T h e a p p l i c a n t s h a l l p r o v i d e a 
p e r s o n h o l d i n g a n a p p r o p r i a t e p i l o t 
c er t i f i ca te to m a k e t h e flight tes ts , b u t 
a d e s i g n a t e d r e p r e s e n t a t i v e of t h e A d 
m i n i s t r a t o r s h a l l p i lot the a i r p l a n e w h e n 
i t Is f o u n d n e c e s s a r y for the d e t e r m i n a 
t ion o f c o m p l i a n c e w i t h t h e a i r w o r t h i 
n e s s r e q u i r e m e n t s . 

<e> Off ic ia l type tes t s s h a l l be d i s c o n 
t i n u e d u n t i l c o r r e c t i v e m e a s u r e s h a v e 
been t a k e n b y t h e a p p l i c a n t w h e n e i t h e r : 

(1) T h e a p p l i c a n t ' s test p i lo t i s u n 
a b l e o r u n w i l l i n g to c o n d u c t a n y of t h e 
r e q u i r e d flight tests , o r 

(2 ) I t Js f o u n d t h a t r e q u i r e m e n t s 
W h i c h h a v e n o t b e e n m e t a r e so s u b s t a n 
t i a l a s to r e n d e r a d d i t i o n a l t e s t d a t a 
m e a n i n g l e s s or a r e of s u c h a n a t u r e a s to 
m a k e f u r t h e r t e s t i n g u n d u l y h a z a r d o u s . 

( f ) A d e q u a t e p r o v i s i o n s h a l l be m a d e 
f o r e m e r g e n c y egress a n d for t h e u s e of 
p a r a c h u t e s b y m e m b e r s of t h e c r e w 
d u r i n g t h e f l ight tests . 

<g) T h e a p p l i c a n t s h a l l s u b m i t to t h e 
A d m i n i s t r a t o r ' s r e p r e s e n t a t i v e a r e p o r t 
c o v e r i n g a l l c o m p u t a t i o n s a n d tes ts r e 
q u i r e d i n c o n n e c t i o n w i t h c a l i b r a t i o n of 
i n s t r u m e n t s u s e d f o r tes t p u r p o s e s a n d 
c o r r e c t i o n of test r e s u l t s to s t a n d a r d a t 
m o s p h e r i c condi t ions . T h e A d m i n i s t r a 
tor ' s r e p r e s e n t a t i v e s h a l l c o n d u c t a n y 
flight tests w h i c h h e finds n e c e s s a r y to 
c h e c k the c a l i b r a t i o n a n d c o r r e c t i o n 
r e p o r t . 

14b . l01 Weight limitations. T h e 
m a x i m u m a n d m i n i m u m w e i g h t s a t 
w h i c h t h e a i r p l a n e w i l l be s u i t a b l e f o r 
o p e r a t i o n s h a l l be e s t a b l i s h e d a s f o l l o w s : 

( a ) M a x i m u m w e i g h t s s h a l l n o t e x 
ceed a n y of t h e f o l l o w i n g : 

(1) T h e w e i g h t s e l ec ted b y t h e a p p l i 
c a n t ; 

(2 ) T h e d e s i g n w e i g h t f o r w h i c h t h e 
s t r u c t u r e h a s b e e n p r o v e n ; 

( 3 ) T h e m a x i m u m w e i g h t a t w h i c h 
c o m p l i a n c e w i t h a l l of t h e a p p l i c a b l e 
flight r e q u i r e m e n t s h a s b e e n d e m o n 
s t r a t e d . 

(b) I t s h a l l be a c c e p t a b l e to e s t a b l i s h 
m a x i m u m w e i g h t s for e a c h a l t i t u d e a n d 
f o r e a c h p r a c t i c a b l y s e p a r a b l e o p e r a t i n g 
c o n d i t i o n (e. g., take-off , e n r o u t e , 
l a n d i n g ) . 

<c> M i n i m u m w e i g h t s s h a l l n o t be less 
t h a n a n y of t h e f o l l o w i n g : 

<1) T h e m i n i m u m w e i g h t s e l e c t e d b y 
t h e a p p l i c a n t ; 

( 2 ) T h e d e s i g n m i n i m u m w e i g h t f o r 
w h i c h t h e s t r u c t u r e h a s b e e n p r o v e n ; 

( 3 ) T h e m i n i m u m w e i g h t a t w h i c h 
c o m p l i a n c e w i t h a l l of t h e a p p l i c a b l e 
flight r e q u i r e m e n t s h a s b e e n d e m o n 
s t r a t e d . 

8 4b,102 Center of gravity limita-
tions. C e n t e r of g r a v i t y l i m i t s s h a l l b e 
e s t a b l i s h e d a s t h e m o s t f o r w a r d p o s i t i o n 
p e r m i s s i b l e a n d t h e m o s t a f t p o s i t i o n 
p e r m i s s i b l e for e a c h p r a c t i c a b l y s e p a r a 
b l e o p e r a t i n g c o n d i t i o n i n a c c o r d a n c e 
w i t h § 4b . l01 <b>. l i m i t s of t h e c e n t e r 

of g r a v i t y r a n g e s h a l l n o t e x c e e d a n y of 
t h e f o l l o w i n g : 

( a ) T h e e x t r e m e s se l ec ted b y t h e a p 
p l i c a n t ; 

(b ) T h e e x t r e m e s f o r w h i c h t h e s t r u c 
t u r e h a s b e e n p r o v e n ; 

( c ) T h e e x t r e m e s a t w h i c h c o m p l i 
a n c e w i t h a l l of t h e a p p l i c a b l e f l ight r e 
q u i r e m e n t s h a s b e e n d e m o n s t r a t e d . 

I 4b . l03 .Add i t i ona l limitations on 
weight distribution. I f a w e i g h t a n d 
c e n t e r of g r a v i t y c o m b i n a t i o n i s p e r m i s 
s ib le on ly w i t h i n c e r t a i n l o a d d i s t r i b u 
t i o n l i m i t s (e . g., s p a n w i s e ) w h i c h c o u l d 
be e x c e e d e d I n a d v e r t e n t l y , s u c h l i m i t s 
s h a l l be e s t a b l i s h e d t o g e t h e r w i t h t h e 
c o r r e s p o n d i n g w e i g h t a n d c e n t e r o f 
g r a v i t y c o m b i n a t i o n s , a n d s h a l l n o t e x 
ceed a n y of t h e f o l l o w i n g : 

<a) T h e l i m i t s s e l e c t e d b y t h e a p p l i 
c a n t ; 

(b ) T h e l i m i t s for w h i c h t h e s t r u c t u r e 
h a s b e e n p r o v e n ; 

t c ) T h e l i m i t s f o r w h i c h c o m p l i a n c e 
w i t h a l l the a p p l i c a b l e flight r e q u i r e 
m e n t s h a s b e e n d e m o n s t r a t e d . 

§ 4 b . l 0 4 Empty weight. ( a ) T h e 
e m p t y w e i g h t a n d t h e c o r r e s p o n d i n g 
c e n t e r of g r a v i t y p o s i t i o n s h a l l be d e 
t e r m i n e d b y w e i g h i n g the a i r p l a n e . T h i s 
w e i g h t s h a l l e x c l u d e t h e w e i g h t of t h e 
c r e w a n d p a y l o a d , b u t s h a l l i n c l u d e t h e 
w e i g h t of a l l fixed b a l l a s t , u n u s a b l e fue l 
s u p p l y (see S 4 b . 4 1 6 ) , u n d r a i n a b l e o i l , 
t o t a l q u a n t i t y of e n g i n e c o o l a n t , a n d 
tota l q u a n t i t y of h y d r a u l i c fluid. 

( b ) T h e c o n d i t i o n of t h e a i r p l a n e a t 
t h e t i m e of w e i g h i n g s h a l l be one w h i c h 
c a n be eas i l y r e p e a t e d a n d e a s i l y d e 
fined, p a r t i c u l a r l y as r e g a r d s t h e c o n 
tent s of the f u e l , o i l , a n d c o o l a n t t a n k s , 
a n d t h e i t e m s of e q u i p m e n t I n s t a l l e d . 

§ 4b. 105 U s e of ballast. I t s h a l l be a c 
c e p t a b l e to u s e r e m o v a b l e b a l l a s t to e n 
a b l e t h e a i r p l a n e to c o m p l y w i t h t h e 
flight r e q u i r e m e n t s . ( S e e §§ 4b.738 a n d 
4b.741 ( c ) . ) 

P E R F O R M A N C E 

5 4 b . l l 0 General, ( a ) W i t h r e s p e c t 
to a l l a i r p l a n e s t y p e c e r t i f i c a t e d o n o r 
a f t e r F e b r u a r y 12 ,1951 , t h e p e r f o r m a n c e 
p r e s c r i b e d i n t h i s s u b p a r t s h a l l be d e t e r 
m i n e d , a n d c o m p l i a n c e s h a l l be s h o w n , 
f o r s t a n d a r d a t m o s p h e r i c c o n d i t i o n s a n d 
s t i l l a i r , e x c e p t t h a t t h e p e r f o r m a n c e a s 
affected b y e n g i n e p o w e r , i n s t e a d of b e i n g 
based o n d r y a i r , s h a l l be b a s e d o n 80 
p e r c e n t r e l a t i v e h u m i d i t y . 

(b ) E a c h s e t o f p e r f o r m a n c e d a t a r e 
q u i r e d f o r a p a r t i c u l a r flight c o n d i t i o n 
s h a l l be d e t e r m i n e d w i t h t h e p o w e r p l a n t 
a c c e s s o r i e s a b s o r b i n g t h e n o r m a l a m o u n t 
of p o w e r a p p r o p r i a t e to t h a t f l ight c o n 
d i t i o n . ( S e e a l so § 4 b . l l 7 . ) 

5 4 b . l l l Wing flap positions, ( a ) 
T h e w i n g flap pos i t ions d e n o t e d r e s p e c 
t ive ly a s t h e take-of f , e n r o u t e , a p p r o a c h , 
a n d l a n d i n g pos i t i ons s h a l l be s e l e c t e d 
b y t h e a p p l i c a n t . (See a l so s 4b.323.) 

( b ) I t s h a l l be a c c e p t a b l e to m a k e t h e 
f l a p pos i t i ons v a r i a b l e w i t h w e i g h t a n d 
a l t i t u d e . 

S 4 b . l l 2 Stalling speeds, ( a ) T h e 
s p e e d , V , 0 , s h a l l d e n o t e t h e c a l i b r a t e d 
s t a l l i n g speed , or t h e m i n i m u m s t e a d y 
f l ight speed a t w h i c h t h e a i r p l a n e i s c o n 
t r o l l a b l e , i n m i l e s p e r h o u r , w i t h : 

( 1 ) E n g i n e s i d l i n g , t h r o t t l e s c losed ( o r 
n o t m o r e t h a n suff icient power for zero 
t h r u s t a t a s p e e d n o t g r e a t e r t h a n 110 
p e r c e n t of t h e s t a l l i n g s p e e d ) ; 

(2) P r o p e l l e r p i t c h c o n t r o l s I n t h e 
p o s i t i o n n o r m a l l y u s e d for t a k e - o f f ; 

(3 ) L a n d i n g g e a r e x t e n d e d ; 
(4 ) W i n g flaps i n t h e l a n d i n g p o s i 

t i o n ; 
(5) C o w l flaps c l o s e d ; 
(6) C e n t e r of g r a v i t y i n t h e m o s t u n 

f a v o r a b l e pos i t ion w i t h i n t h e a l l o w a b l e 
l a n d i n g r a n g e ; 

(7 ) T h e w e i g h t of t h e a i r p l a n e e q u a l 
to t h e w e i g h t i n c o n n e c t i o n w i t h w h i c h 
Vt„ Is being u s e d a s a f a c t o r t o d e t e r m i n e 
a r e q u i r e d p e r f o r m a n c e . 

(b ) T h e speed , v,1( s h a l l d e n o t e t h e 
c a l i b r a t e d s t a l l i n g speed , o r t h e m i n i m u m 
s t e a d y flight speed a t w h i c h t h e a i r p l a n e 
Is c o n t r o l l a b l e . I n m i l e s p e r h o u r , w i t h : 

( 1 ) E n g i n e s i d l i n g , t h r o t t l e s c losed (or 
n o t m o r e t h a n suff icient power for zero 
t h r u s t a t a s p e e d n o t g r e a t e r t h a n 110 
p e r c e n t of t h e s t a l l i n g s p e e d ) ; 

(2) P r o p e l l e r p i t c h c o n t r o l s i n t h e 
p o s i t i o n n o r m a l l y u s e d for take-of f , t h e 
a i r p l a n e I n a l l o t h e r r e s p e c t s ( f l aps , 
l a n d i n g gear , e t c . ) i n t h e p a r t i c u l a r c o n 
d i t i o n e x i s t i n g I n t h e p a r t i c u l a r tes t I n 
c o n n e c t i o n w i t h w h i c h V # 1 is b e i n g u s e d ; 

(3) T h e w e i g h t o f t h e a i r p l a n e e q u a l 
t o t h e w e i g h t I n c o n n e c t i o n w i t h w h i c h 
V » t I s b e i n g u s e d a s a f a c t o r t o d e t e r 
m i n e a r e q u i r e d p e r f o r m a n c e . 

( c ) S t a l l i n g speeds s h a l l be d e t e r 
m i n e d b y f l ight tes t s u s i n g t h e p r o c e d u r e s 
o u t l i n e d i n § 4b. 160. 

5 4b,113 Take-off; general, ( a ) T h e 
t a k e - o f f d a t a i n 5 5 4b,114 to 4 b . H 6 , i n 
c lus ive , s h a l l be d e t e r m i n e d u n d e r t h e 
f o l l o w i n g c o n d i t i o n s : 

( 1 ) A t a l l w e i g h t s a n d a l t i t u d e s s e 
l e c t e d b y t h e a p p l i c a n t ; 

(2) W i t h a c o n s t a n t take-o f f flap p o s i 
t i o n for t h e p a r t i c u l a r w e i g h t a n d a l t i 
t u d e ; 

(3) W i t h t h e o p e r a t i n g e n g i n e s n o t 
e x c e e d i n g t h e i r a p p r o v e d l i m i t a t i o n s a t 
t h e p a r t i c u l a r a l t i tude . 

(b ) A l l t ake -o f f d a t a , w h e n c o r r e c t e d , 
s h a l l a s s u m e a l e v e l t ake -o f f s u r f a c e , a n d 
s h a l l be d e t e r m i n e d o n a s m o o t h , d r y , 
h a r d - s u r f a c e d r u n w a y , i n s u c h a m a n n e r 
t h a t r e p r o d u c t i o n of t h e p e r f o r m a n c e 
does n o t r e q u i r e e x c e p t i o n a l s k i l l or 
a l e r t n e s s o n t h e p a r t of t h e p i lo t . ( F o r 
t e m p e r a t u r e a c c o u n t a b i l i t y d a t a s ee 
§ 4 b . l l 7 . F o r w i n d a n d r u n w a y g r a d i e n t 
c o r r e c t i o n s see a p p r o p r i a t e o p e r a t i n g 
r u l e s of t h i s s u b c h a p t e r . ) 

§ 4b,114 Take-off speeds, ( a ) T h e 
c r i t l c a l - e n g i n e - f a l l u r e speed Vv i n t e r m s 
o f c a l i b r a t e d a i r speed , s h a l l be s e l e c t e d 
b y t h e a p p l i c a n t , b u t i t s h a l l n o t be l e s s 
t h a n t h e m i n i m u m speed a t w h i c h t h e 
c o n t r o l l a b i l i t y I s d e m o n s t r a t e d d u r i n g 
t h e take -o f f r u n to be a d e q u a t e to p e r m i t 
p r o c e e d i n g s a f e l y w i t h t h e take-o f t , u s i n g 
n o r m a l p i l o t i n g s k i l l , w h e n t h e c r i t i c a l 
e n g i n e is s u d d e n l y m a d e i n o p e r a t i v e . 

( b ) T h e m i n i m u m t a k e - o f f s a f e t y 
s p e e d V 2 , I n t e r m s of c a l i b r a t e d a i r speed , 
s h a l l be s e l e c t e d b y t h e a p p l i c a n t so a s 
t o p e r m i t t h e r a t e of c l i m b r e q u i r e d I n 
| 4b . l 20 ( a ) a n d ( b ) , b u t i t s h a l l n o t be 
less t h a n ; 

6 



(1 ) 1 . 2 0 Vst for t w o - e n g i n e a i r p l a n e s , 
( 2 ) 1 . 1 5 VJJL f o r a i r p l a n e s h a v i n g m o r e 

t h a n t w o eng ines , 
(3) 1.10 t i m e s t h e m i n i m u m c o n t r o l 

s p e e d V M 0 e s t a b l i s h e d u n d e r 5 4 b . l 3 3 . 
( c ) I f e n g i n e f a i l u r e i s a s s u m e d t o 

o c c u r a t or a f t e r t h e a t t a i n m e n t of V s , 
t h e d e m o n s t r a t i o n i n w h i c h t h e t a k e - o f f 
r u n i s c o n t i n u e d to i n c l u d e the take-of f 
c l i m b , a s p r o v i d e d i n p a r a g r a p h ( a ) o f 
t h i s s ec t ion , s h a l l n o t be r e q u i r e d . 

5 4 D . U 5 A c c e l e r a t e - s t o p d i s t a n c e . <&> 
T h e a e c e l e r a t e - s t o p d i s t a n c e s h a l l be t h e 
s u m of t h e f o l l o w i n g : 

(1 ) T h e d i s t a n c e r e q u i r e d to a c c e l e r 
a t e the a i r p l a n e f r o m a s t a n d i n g s t a r t 
to t h e speed Vlt 

<2) A s s u m i n g t h e c r i t i c a l e n g i n e to 
f a i l a t the speed Vv t h e d i s t a n c e r e q u i r e d 
t o b r i n g t h e a i r p l a n e to a fu l l s top f r o m 
t h e p o i n t c o r r e s p o n d i n g w i t h t h e s p e e d 

(b) I n a d d i t i o n to, o r i n l i e u of, w h e e l 
b r a k e s , t h e u s e of o t h e r b r a k i n g m e a n s 
s h a l l b e a c c e p t a b l e i n d e t e r m i n i n g t h e 
a e c e l e r a t e - s t o p d i s t a n c e , p r o v i d e d t h a t 
s u c h b r a k i n g m e a n s s h a l l h a v e b e e n 
p r o v e n to be sa fe a n d r e l i a b l e , t h a t t h e 
m a n n e r of t h e i r e m p l o y m e n t i s s u c h t h a t 
c o n s i s t e n t resu l t s c a n be e x p e c t e d u n d e r 
n o r m a l c o n d i t i o n s of o p e r a t i o n , a n d t h a t 
e x c e p t i o n a l s k i l l i s n o t r e q u i r e d to c o n 
t r o l t h e a i r p l a n e . 

( c ) T h e l a n d i n g gear s h a l l r e m a i n e x 
t e n d e d t h r o u g h o u t t h e a e c e l e r a t e - s t o p 
d i s t a n c e . 

5 4 b . H 6 Take-off path. T h e t a k e - o f f 
p a t h s h a l l be c o n s i d e r e d to cons i s t of t h e 
f o l l o w i n g five c o n s e c u t i v e e l e m e n t s : 

( a ) T h e d i s t a n c e r e q u i r e d to a c c e l e r 
a t e t h e a i r p l a n e to t h e s p e e d Vv a s s u m 
i n g t h e c r i t i c a l e n g i n e to f a i l a t t h e 
s p e e d V j . 

(b) T h e h o r i z o n t a l d i s t a n c e t r a v e r s e d 
a n d t h e h e i g h t a t t a i n e d try t h e a i r p l a n e 
i n t h e t i m e r e q u i r e d to r e t r a c t t h e l a n d 
i n g g e a r w h e n o p e r a t i n g a t t h e s p e e d 
V 2 w i t h : 

( 1 ) T h e c r i t i c a l eng ine I n o p e r a t i v e , i t s 
p r o p e l l e r ; 

<i) W i n d m l l l i n g w i t h t h e p r o p e l l e r 
c o n t r o l i n a p o s i t i o n n o r m a l l y u s e d d u r 
i n g take-o f f u n t i l ( i f a p p l i c a b l e ) i t s r o 
t a t i o n h a s b e e n s t o p p e d (see p a r a g r a p h 
( c ) (1) of t h i s s e c t i o n ) . 

( i i ) I f a p p l i c a b l e , s topped for t h e r e 
m a i n d e r of t h e g e a r r e t r a c t i o n t i m e . 

( 2 ) T h e l a n d i n g g e a r e x t e n d e d . 
( c ) I f a p p l i c a b l e , t h e h o r i z o n t a l d i s 

t a n c e t r a v e r s e d a n d t h e h e i g h t a t t a i n e d 
b y t h e a i r p l a n e i n t h e t i m e e l a p s e d f r o m 
t h e e n d of e l e m e n t (b ) u n t i l t h e r o t a 
t i o n of t h e i n o p e r a t i v e p r o p e l l e r h a s b e e n 
s topped w h e n : 

( 1 ) T h e o p e r a t i o n of s t o p p i n g t h e p r o 
pe l l e r i s i n i t i a t e d n o t e a r l i e r t h a n t h e 
i n s t a n t t h e a i r p l a n e h a s a t t a i n e d a t o t a l 
h e i g h t of SO feet above t h e t a k e - o f f 
s u r f a c e , 

( 2 ) T h e a i r p l a n e s p e e d i s e q u a l to V v 

(3) T h e l a n d i n g g e a r i s r e t r a c t e d , 
<4) T h e i n o p e r a t i v e p r o p e l l e r i s w i n d -

m i l l i n g w i t h t h e p r o p e l l e r c o n t r o l i n a 
p o s i t i o n n o r m a l l y u s e d d u r i n g take-of f . 

( d ) T h e h o r i z o n t a l d i s t a n c e t r a v e r s e d 
a n d t h e h e i g h t a t t a i n e d b y t h e a i r p l a n e 
I n t h e t i m e e lapsed f r o m t h e e n d o f e l e 
m e n t ( c ) u n t i l t h e t i m e l i m i t o n t h e u s e 

o f t a k e - o f f p o w e r i s r e a c h e d , w h i l e o p 
e r a t i n g a t t h e s p e e d v», w i t h : 

<1) T h e i n o p e r a t i v e p r o p e l l e r s t o p p e d , 
(2) T h e l a n d i n g g e a r r e t r a c t e d , 
( e ) T h e s lope of t h e S i g h t p a t h f o l 

l o w e d b y t h e a i r p l a n e i n t h e c o n f i g u r a 
t i o n o f e l e m e n t ( d ) , b u t d r a w i n g n o t 
m o r e t h a n m a x i m u m c o n t i n u o u s p o w e r 
o n t h e o p e r a t i n g e n g i n e ( s ) . 

§ 4 b . l l 7 Temperature accountability. 
O p e r a t i n g c o r r e c t i o n f a c t o r s f o r t a k e - o f f 
w e i g h t a n d t a k e - o f f d i s t a n c e s h a l l be d e 
t e r m i n e d to a c c o u n t f o r t e m p e r a t u r e s 
above a n d be low s t a n d a r d , a n d w h e n a p 
p r o v e d b y t h e A d m i n i s t r a t o r t h e y s h a l l 
b e i n c l u d e d i n t h e A i r p l a n e F l i g h t M a n 
u a l . T h e s e f a c t o r s s h a l l be o b t a i n e d a s 
f o l l o w s : 

( a ) F o r a n y speci f ic a i r p l a n e type , t h e 
a v e r a g e f u l l t e m p e r a t u r e a c c o u n t a b i l i t y 
s h a l l be c o m p u t e d f o r t h e r a n g e o f 
w e i g h t s of t h e a i r p l a n e , a l t i t u d e s a b o v e 
s e a l eve l , a n d a m b i e n t t e m p e r a t u r e s r e 
q u i r e d b y t h e e x p e c t e d o p e r a t i n g c o n 
d i t i o n s . A c c o u n t s h a l l be t a k e n of t h e 
t e m p e r a t u r e effect o n b o t h t h e a e r o d y 
n a m i c c h a r a c t e r i s t i c s of t h e a i r p l a n e a n d 
o n t h e e n g i n e power . T h e f u l l t e m p e r a 
t u r e a c c o u n t a b i l i t y s h a l l be e x p r e s s e d 
p e r degree o f t e m p e r a t u r e I n t e r m s o f a 
w e i g h t c o r r e c t i o n , a t a k e - o f f d i s t a n c e c o r . 
r c c t i o n , a n d a c h a n g e , i f a n y , i n t h e 
c r i t i c a l - e n g i n e - f a i i u r e s p e e d V , . 

<b) T h e o p e r a t i n g c o r r e c t i o n f a c t o r s 
f o r t h e a i r p l a n e w e i g h t a n d take -o f f d i s 
t a n c e s h a l l be a t l e a s t o n e - h a l f of t h e 
f u l l a c c o u n t a b i l i t y v a l u e s . T h e v a l u e of 
V1 s h a l l be f u r t h e r c o r r e c t e d b y t h e 
a v e r a g e a m o u n t n e c e s s a r y to a s s u r e t h a t 
t h e a i r p l a n e c a n s top w i t h i n t h e r u n w a y 
l e n g t h a t t h e a m b i e n t t e m p e r a t u r e , e x 
c e p t t h a t t h e c o r r e c t e d value, of V , s h a l l 
n o t be less t h a n a m i n i m u m a t w h i c h t h e 
a i r p l a n e c a n b e c o n t r o l l e d w i t h t h e 
c r i t i c a l eng ine i n o p e r a t i v e . 

5 4 b . l l 8 Climb; general. C o m p l i a n c e 
s h a l l be s h o w n w i t h t h e c l i m b r e q u i r e 
m e n t s of Sf 4 b . l l 9 t h r o u g h 4b. 121. 

5 4 b . l l 9 Climb; all engines operat
ing— Ca) Cruising configuration. I n t h e 
c r u i s i n g c o n f i g u r a t i o n t h e s t e a d y r a t e o f 
c l i m b i n feet p e r m i n u t e a t 5,000 f e e t 
s h a l l n o t be less t h a n 8V»„. I n a d d i t i o n 
t h e s t e a d y r a t e o f c l i m b s h a l l be d e t e r 
m i n e d a t a n y a l t i t u d e a t w h i c h t h e a i r 
p l a n e i s e x p e c t e d t o o p e r a t e a n d a t a n y 
w e i g h t w i t h i n t h e r a n g e o f w e i g h t s to be 
spec i f i ed i n t h e a i r w o r t h i n e s s c e r t i f i c a t e . 
T h e c r u i s i n g c o n f i g u r a t i o n s h a l l be w i t h : 

(1 ) L a n d i n g g e a r f u l l y r e t r a c t e d , 
(2) W i n g f laps i n t h e m o s t f a v o r a b l e 

p o s i t i o n , 
<3) C o w l flaps <or o t h e r m e a n s o f c o n 

t r o l l i n g t h e e n g i n e c o o l i n g ) i n t h e p o s i 
t i o n w h i c h p r o v i d e s a d e q u a t e cool ing i n 
t h e h o t - d a y c o n d i t i o n , 

( 4 ) C e n t e r of g r a v i t y i n t h e m o s t u n 
f a v o r a b l e pos i t ion . 

(5) A H e n g i n e s o p e r a t i n g w i t h i n t h e 
m a x i m u m c o n t i n u o u s p o w e r l i m i t a t i o n s , 

( 6 ) M a x i m u m t a k e - o f f w e i g h t . 
<b) L a n d i n g con/ l f f i i raf ion . I n t h e 

l a n d i n g c o n f i g u r a t i o n t h e s t e a d y r a t e of 
c l i m b i n feet p e r m i n u t e s h a l l n o t be l e s s 
t h a n 0.07 V t n * a t a n y a l t i t u d e w i t h i n t h e 
r a n g e f o r w h i c h l a n d i n g w e i g h t i s t o b e 
spec i f i ed i n t h e c e r t i f i c a t e , w i t h : 

( 1 ) L a n d i n g g e a r e x t e n d e d , 

(2 ) W i n g flaps I n t h e l a n d i n g p o s i 
t i o n tsee S§ 4b. I l l a n d 4b, 3 2 3 ) , 

( 3 ) C o w l flaps i n t h e p o s i t i o n n o r 
m a l l y u s e d i n a n a p p r o a c h to a l a n d i n g , 

(4 ) C e n t e r of g r a v i t y i n t h e m o s t u n 
f a v o r a b l e pos i t ion p e r m i t t e d f o r l a n d i n g , 

(5 ) A l l eng ines o p e r a t i n g a t t h e t a k e 
off p o w e r a v a i l a b l e a t s u c h a l t i t u d e , 

( 6 ) T h e w e i g h t e q u a l to m a x i m u m 
l a n d i n g w e i g h t for t h a t a l t i t u d e . 

5 4b. 120 One-engine-inoperative 
climb—(a) Flaps in take-off position; 
landing gear extended. T h e s t e a d y r a t e 
o f c l i m b w i t h o u t g r o u n d effect s h a l l n o t 
be l e s s t h a n 50 f t / m i n . a t a n y a l t i t u d e 
w i t h i n t h e r a n g e f o r w h i c h t a k e - o f f 
w e i g h t i s to be spec i f i ed i n t h e c e r t i f i c a t e , 
w i t h : 

(1 ) W i n g flaps i n t h e take -o f f p o s i t i o n 
(see 55 4 b . l l l a n d 4b.323>, 

( 2 ) C o w l flaps i n t h e p o s i t i o n n o r 
m a l l y u s e d d u r i n g take-of f , 

( 3 ) C e n t e r of g r a v i t y i n t h e m o s t u n 
f a v o r a b l e p o s i t i o n p e r m i t t e d f o r take-of f , 

( 4 ) T h e c r i t i c a l e n g i n e i n o p e r a t i v e , 
I t s p r o p e l l e r w i n d m i l l i n g w i t h t h e p r o 
p e l l e r c o n t r o l i n a p o s i t i o n n o r m a l l y u s e d 
d u r i n g take-off , 

(5) A l l o t h e r eng ines o p e r a t i n g a t t h e 
take -o f f p o w e r a v a i l a b l e a t s u c h a l t i t u d e , 

(6) T h e speed e q u a l to t h e m i n i m u m 
t a k e - o f f s a f e t y s p e e d V. ( see S 4 b . l l 4 
( b ) ) , 

<7> T h e w e i g h t e q u a l t o m a x i m u m 
t a k e - o f f w e i g h t f o r t h a t a l t i t u d e , 

(8) L a n d i n g g e a r e x t e n d e d . 
( b ) F l a p s i n take-off position; landing 

gear retracted. W i t h t h e l a n d i n g g e a r 
r e t r a c t e d t h e s t e a d y r a t e o f c l i m b i n f e e t 
p e r m i n u t e s h a l l n o t be less t h a n 
0.035 V$* w i t h a l l o t h e r c o n d i t i o n s a s 
d e s c r i b e d i n p a r a g r a p h ( a ) of t h i s 
s e c t i o n . 

( c ) F l a p s in en route p o s i t i o n . T h e 
s t e a d y r a t e of c l i m b i n feet p e r m i n u t e 
a t a n y a l t i t u d e a t w h i c h t h e a i r p l a n e i s 
e x p e c t e d to operate , a t a n y w e i g h t w i t h i n 
t h e r a n g e of w e i g h t s t o be speci f ied i n 
t h e a i r w o r t h i n e s s cer t i f i ca te , s h a l l be de_ 
t e r m i n e d a n d s h a l l , a t a s t a n d a r d a l t i 
t u d e of 5,000 feet a n d a t t h e m a x i m u m 
take -o f f we ight , be a t l e a s t 

/ 0.08 \ , r , 
[ 0 . 0 6 JT)V*o-

w h e r e N i s t h e n u m b e r of e n g i n e s i n 
s t a l l e d , w i t h : 

(1) T h e l a n d i n g g e a r r e t r a c t e d , 
( 2 ) W i n e f laps i n t h e m o s t f a v o r a b l e 

pos i t i on , 
<3> C o w l flaps o r o t h e r m e a n s of c o n 

t r o l l i n g t h e eng ine c o o l i n g a i r s u p p l y i n 
t h e p o s i t i o n w h i c h prov ides a d e q u a t e 
c o o l i n g i n t h e h o t - d a y c o n d i t i o n , 

( 4 ) C e n t e r o f g r a v i t y i n t h e m o s t u n 
f a v o r a b l e pos i t i on , 

( 5 ) T h e c r i t i c a l e n g i n e I n o p e r a t i v e , i t s 
p r o p e l l e r s topped , 

(6 ) A l l r e m a i n i n g eng ines o p e r a t i n g 
a t t h e m a x i m u m c o n t i n u o u s p o w e r a v a i l 
a b l e a t t h e a l t i t u d e . 

( d ) Flaps in approach position. T h e 
s t e a d y r a t e o f c l i m b I n feet p e r m i n u t e 
s h a l l n o t be l e s s t h a n 0.04 V,0' a t a n y 
a l t i t u d e w i t h i n t h e r a n g e f o r w h i c h l a n d 
i n g w e i g h t i s to be spec i f ied i n t h e c e r 
t i f i ca te , w i t h ; 

( 1 ) T h e l a n d i n g g e a r r e t r a c t e d , 
<2> W i n g flaps s e t i n p o s i t i o n s u c h 

t h a t V . ! does n o t e x c e e d 1.10 V)n. 
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(3) C o w ] flaps i n the p o s i t i o n n o r m a l l y 
used d u r i n g a n a p p r o a c h to a l a n d i n g , 

( 4 ) C e n t e r of g r a v i t y I n t h e m o s t u n 
f a v o r a b l e p o s i t i o n p e r m i t t e d f o r l a n d i n g , 

(5 ) T h e c r i t i c a l eng ine i n o p e r a t i v e . I t s 
p r o p e l l e r s topped , 

(6 ) A l l r e m a i n i n g e n g i n e s o p e r a t i n g 
a t t h e take-o f f p o w e r a v a i l a b l e a t s u c h 
a l t i t u d e , 

(7) T h e w e i g h t e q u a l to t h e m a x i m u m 
l a n d i n g w e i g h t for t h a t a l t i t u d e . 

S 4b. 121 Two-engine-inoperative climb. 
F o r a i r p l a n e s w i t h f o u r or m o r e e n g i n e s , 
t h e s t e a d y r a t e of c l i m b a t a n y a l t i t u d e 
a t w h i c h t h e a i r p l a n e is expec ted to o p 
e r a t e , a n d a t a n y w e i g h t w i t h i n t h e r a n g e 
of we ight s to be speci f ied i n t h e A i r p l a n e 
F l i g h t M a n u a l , s h a l l be d e t e r m i n e d w i t h : 

( a ) T h e l a n d i n g gear r e t r a c t e d , 
<b) W i n g flaps i n t h e m o s t f a v o r a b l e 

pos i t i on , 
(c> C o w l H a p s or o t h e r m e a n s of c o n 

t r o l l i n g t h e eng ine coo l ing a i r s u p p l y i n 
t h e p o s i t i o n w h i c h w i l l p r o v i d e a d e q u a t e 
c o o l i n g i n t h e h o t - d a p c o n d i t i o n , 

( d ) C e n t e r of g r a v i t y i n t h e m o s t 
u n f a v o r a b l e pos i t ion , 

( e ) T h e two c r i t i c a l eng ines o n one 
s ide of t h e a i r p l a n e i n o p e r a t i v e a n d t h e i r 
p r o p e l l e r s s topped , 

( f ) A l l r e m a i n i n g eng ines o p e r a t i n g a t 
t h e m a x i m u m c o n t i n u o u s power a v a i l 
ab le a t t h a t a l t i tude . 

5 4b. 122 Determination of the land
ing distance; general. T h e h o r i z o n t a l 
d i s t a n c e r e q u i r e d to l a n d a n d to c o m e 
to a c o m p l e t e s top (to a speed of a p p r o x i 
m a t e l y 3 m . p. h . f o r s e a p l a n e s or float 
p l a n e s ) f r o m a p o i n t a t a h e i g h t of 50 
feet above t h e l a n d i n g s u r f a c e s h a l l b e 
d e t e r m i n e d f o r a r a n g e of w e i g h t s a n d 
a l t i t u d e s s e l ec ted by the a p p l i c a n t . I n 
m a k i n g t h i s d e t e r m i n a t i o n t h e f o l l o w i n g 
c o n d i t i o n s s h a l l a p p l y : 

( a ) A s t e a d y g l id ing a p p r o a c h s h a l l 
h a v e been m a i n t a i n e d d o w n to t h e 5 0 -
Joot a l t i t u d e w i t h a c a l i b r a t e d a i r speed 
of n o t l e s s t h a n 1.3 V,0. 

(b ) T h e nose of t h e a i r p l a n e s h a l l n o t 
be depressed , n o r t h e f o r w a r d t h r u s t i n 
c r e a s e d b y a p p l i c a t i o n of p o w e r a f t e r 
r e a c h i n g t h e 50-foot a l t i tude . 

( c ) A t a l l t i m e s d u r i n g a n d i m m e d i 
a t e l y p r i o r to t h e l a n d i n g , t h e flaps s h a l l 
b e i n t h e l a n d i n g pos i t ion , e x c e p t t h a t 
a f t e r t h e a i r p l a n e is on t h e l a n d i n g s u r 
f a c e a n d t h e c a l i b r a t e d a i r s p e e d h a s 
b e e n r e d u c e d to n o t m o r e t h a n 0.9 
V*,, t h e flap pos i t ion m a y be c h a n g e d . 

( d ) T h e l a n d i n g s h a l l be m a d e i n s u c h 
m a n n e r t h a t t h e r e is n o excess ive v e r t i c a l 
a c c e l e r a t i o n , n o t e n d e n c y to b o u n c e , n o s e 
over , g r o u n d loop, porpoise , o r w a t e r loop, 
a n d i n s u c h m a n n e r t h a t i ts r e p r o d u c t i o n 
s h a l l n o t r e q u i r e a n y e x c e p t i o n a l degree 
of s k i l l on t h e p a r t of t h e p i lo t , or e x c e p 
t i o n a l l y f a v o r a b l e c o n d i t i o n s . 

5 4b,123 Landplanes. T h e l a n d i n g 
d i s t a n c e r e f e r r e d to i n § 4 b . l 2 2 s h a l l be 
d e t e r m i n e d on a d r y , h a r d - s u r f a c e d r u n 
w a y I n a c c o r d a n c e w i t h t h e f o l l o w i n g : 

( a ) T h e o p e r a t i n g p r e s s u r e s on t h e 
b r a k i n g s y s t e m s h a l l n o t be i n excess of 
those a p p r o v e d by the m a n u f a c t u r e r of 
t h e b r a k e s , 

(b ) T h e b r a k e s s h a l l n o t be u s e d I n 
s u c h m a n n e r as to produce excess ive 
w e a r of b r a k e s or t i re s , 

( c ) M e a n s o t h e r t h a n w h e e l b r a k e s 
m a y be u s e d i n d e t e r m i n i n g t h e l a n d i n g 
d i s t a n c e ; Provided, T h a t : 

(1) E x c e p t i o n a l s k i l l I s n o t r e q u i r e d to 
c o n t r o l t h e a i r p l a n e , 

(2 ) T h e m a n n e r of t h e i r e m p l o y m e n t 
Is s u c h t h a t c o n s i s t e n t r e s u l t s c o u l d he 
e x p e c t e d u n d e r n o r m a l s e r v i c e , a n d 

(3 ) T h e y are r e g a r d e d a s re l i ab le . 

S 4b.124 S e a p l a n e s or float planes. 
T h e l a n d i n g d i s t a n c e r e f e r r e d to I n 
§ 4b. 122 s h a l l be d e t e r m i n e d on s m o o t h 
w a t e r . 

S 4b . l25 Skiplanes. T h e l a n d i n g d i s 
t a n c e r e f e r r e d to i n 8 4 b . l 2 2 s h a l l be d e 
t e r m i n e d on s m o o t h , d r y s n o w , 

CONTROLLABILITY 

5 4b . l30 Controllability; general, ( a ) 
T h e a i r p l a n e s h a l l be s a f e l y c o n t r o l l a b l e 
a n d m a n e u v e r a b l e d u r i n g take-off , c l i m b , 
l eve l flight, d e s c e n t , a n d l a n d i n g . 

( b ) I t s h a l l be poss ible t o m a k e - a 
s m o o t h t r a n s i t i o n f r o m one flight c o n 
d i t i o n to a n o t h e r , i n c l u d i n g t u r n s a n d 
s l ips , w i t h o u t r e q u i r i n g a n e x c e p t i o n a l 
degree of s k i l l , a l e r t n e s s , or s t r e n g t h o n 
t h e p a r t of t h e pi lot a n d w i t h o u t d a n g e r 
of e x c e e d i n g t h e l i m i t l o a d f a c t o r u n d e r 
a l l cond i t ions of o p e r a t i o n p r o b a b l e for 
t h e type , i n c l u d i n g those c o n d i t i o n s 
n o r m a l l y e n c o u n t e r e d I n t h e e v e n t of 
s u d d e n f a i l u r e of a n y eng ine . 

14b,131 Longitudinal control, ( a ) 
I t s h a l l be poss ib le a t a l l speeds b e t w e e n 
1.4 Vs1 a n d V J x to p i t c h t h e nose d o w n 
w a r d so t h a t a p r o m p t r e c o v e r y to a 
speed e q u a l to 1,4 Vtl c a n be m a d e w i t h 
t h e fo l lowing c o m b i n a t i o n s of c o n f i g u r a 
t i o n : 

(1) T h e a i r p l a n e t r i m m e d a t 1.4 V i 1 P 

(2) T h e l a n d i n g gear e x t e n d e d , 
(3) T h e w i n g flaps i n a r e t r a c t e d , a n d 

i n a n e x t e n d e d pos i t ion . 
(4.) P o w e r off, a n d m a x i m u m c o n t i n u 

ous power o n a l l eng ines . 
( b ) D u r i n g e a c h of t h e f o l l o w i n g c o n 

t r o l l a b i l i t y d e m o n s t r a t i o n s a c h a n g e i n 
t h e t r i m c o n t r o l , o r t h e e x e r t i o n of m o r e 
eontrol force t h a n c a n be r e a d i l y a p p l i e d 
w i t h one h a n d for a s h o r t p e r i o d , s h a l l 
n o t be r e q u i r e d . E a c h m a n e u v e r s h a l l 
be p e r f o r m e d w i t h t h e l a n d i n g g e a r 
e x t e n d e d . 

(1) W i t h p o w e r off. f laps r e t r a c t e d , 
a n d t h e a i r p l a n e t r i m m e d a t 1.4 V J 1 P 

t h e flaps s h a l l be e x t e n d e d a s r a p i d l y 
a s poss ible w h i l e m a i n t a i n i n g t h e a i r 
s p e e d a p p r o x i m a t e l y 40 p e r c e n t above 
t h e s t a l l i n g speed p r e v a i l i n g a t a n y i n 
s t a n t t h r o u g h o u t t h e m a n e u v e r , 

(2) T h e m a n e u v e r of s u b p a r a g r a p h 
(1 ) o f t h i s p a r a g r a p h s h a l l be r e p e a t e d , 
e x c e p t t h a t i t s h a l l be s t a r t e d w i t h flaps 
e x t e n d e d a n d t h e a i r p l a n e t r i m m e d a t 
1.4 V i j , a f t e r w h i c h t h e f l a p s s h a l l be 
r e t r a c t e d a s r a p i d l y a s poss ib le . 

(3) T h e m a n e u v e r of s u b p a r a g r a p h 
(2 ) of t h i s p a r a g r a p h s h a l l be r e p e a t e d , 
e x c e p t t h a t t a k e - o f l p o w e r s h a l l be u s e d . 

(4) W i t h p o w e r off, flaps r e t r a c t e d , 
a n d t h e a i r p l a n e t r i m m e d a t 1.4 Vst. 
take -o f f p o w e r s h a l l be a p p l i e d q u i c k l y 
w h i l e m a i n t a i n i n g t h e s a m e a i r speed . 

(5 ) T h e m a n e u v e r of s u b p a r a g r a p h 
( 4 ) o f t h i s p a r a g r a p h s h a l l be r e p e a t e d , 
e x c e p t t h a t t h e flaps s h a l l be e x t e n d e d . 

(6 ) W i t h p o w e r off, flaps e x t e n d e d , 
a n d t h e a i r p l a n e t r i m m e d a t 1.4 V*^, air

speeds w i t h i n t h e r a n g e of 1.1 t o 
1.7 V i j o r to VFB, w h i c h e v e r of t h e t w o 
i s t h e l e s ser , s h a l l be o b t a i n e d a n d 
m a i n t a i n e d . 

( c ) I t s h a l l be poss ible w i t h o u t t h e u s e 
of e x c e p t i o n a l p i l o t i n g s k i l l to p r e v e n t 
loss o f a l t i t u d e w h e n w i n g flap r e t r a c t i o n 
f r o m a n y p o s i t i o n i s i n i t i a t e d d u r i n g 
s t e a d y s t r a i g h t l e v e l flight a t a s p e e d 
e q u a l to 1.1 Vtl w i t h s i m u l t a n e o u s a p p l i 
c a t i o n of n o t m o r e t h a n m a x i m u m c o n 
t i n u o u s p o w e r , w i t h the l a n d i n g g e a r e x 
t e n d e d , a n d w i t h t h e a i r p l a n e w e i g h t 
e q u a l to t h e m a x i m u m s e a l e v e l l a n d i n g 
weight . ( S e e a l so 5 4b.323.) 

§ 4b.132 Directional and lateral con
trol—(a) Directional control; general. 
I t s h a l l be poss ible , w h i l e h o l d i n g t h e 
Wings a p p r o x i m a t e l y l e v e l , to execute 
r e a s o n a b l y s u d d e n c h a n g e s I n h e a d i n g 
I n e i t h e r d i r e c t i o n w i t h o u t e n c o u n t e r i n g 
d a n g e r o u s c h a r a c t e r i s t i c s . H e a d i n g 
c h a n g e s u p to 1 5 ° s h a l l be d e m o n s t r a t e d , 
e x c e p t t h a t t h e h e a d i n g c h a n g e a t w h i c h 
t h e r u d d e r p e d a l f orce i s 180 p o u n d s 
n e e d n o t be exceeded . T h e c o n t r o l s h a l l 
be d e m o n s t r a t e d a t a speed e q u a l to 1.4 
V t 1 P u n d e r t h e f o l l o w i n g c o n d i t i o n s : 

( 1 ) T h e c r i t i c a l e n g i n e i n o p e r a t i v e 
a n d i t s p r o p e l l e r i n t h e m i n i m u m d r a g 
pos i t i on , 

(2) P o w e r r e q u i r e d f o r leve l f l ight a t 
1.4 V s , , b u t n o t g r e a t e r t h a n m a x i m u m 
c o n t i n u o u s power , 

(3 ) M o s t u n f a v o r a b l e c e n t e r of g r a v 
i t y pos i t ion , 

(4) L a n d i n g gear r e t r a c t e d , 
(5) W i n g flaps I n t h e a p p r o a c h p o s i 

t i o n . 
(6 ) M a x i m u m l a n d i n g w e i g h t . 
(b ) Directional control; four or more 

engines. A i r p l a n e s w i t h f o u r o r m o r e 
eng ines s h a l l c o m p l y w i t h p a r a g r a p h ( a ) 
of t h i s s e c t i o n , e x c e p t t h a t : 

(1> T h e t w o c r i t i c a l e n g i n e s s h a l l be 
I n o p e r a t i v e , t h e i r propel lers ' i n t h e m i n i 
m u m d r a g pos i t ion , 

(2) T h e c e n t e r of g r a v i t y s h a l l b e I n 
t h e m o s t f o r w a r d pos i t i on , 

(3 ) T h e w i n g flaps s h a l l be I n t h e m o s t 
f a v o r a b l e c l i m b p o s i t i o n . 

( c ) Lateral control: general. I t s h a l l 
be poss ible to e x e c u t e 2 0 ° b a n k e d t u r n s 
w i t h a n d a g a i n s t t h e i n o p e r a t i v e e n g i n e 
f r o m s t e a d y flight a t a speed e q u a l to 
1.4 V . , w i t h : 

(1 ) T h e c r i t i c a l e n g i n e i n o p e r a t i v e 
a n d i ts p r o p e l l e r i n t h e m i n i m u m d r a g 
pos i t i on , 

(2) M a x i m u m c o n t i n u o u s p o w e r o n 
t h e o p e r a t i n g eng ines , 

(3) M o s t u n f a v o r a b l e c e n t e r o f g r a v 
i t y p o s i t i o n , 

<4) L a n d i n g g e a r r e t r a c t e d a n d e x 
t e n d e d , 

(5) W i n g flaps I n t h e m o s t f a v o r a b l e 
c l i m b pos i t i on , 

( 6 ) M a x i m u m take -o f f we ight . 
( d ) Lateral control; four or more en

gines. I t s h a l l be possible t o execute 2 0 ° 
b a n k e d t u r n s w i t h a n d a g a i n s t t h e i n o p 
e r a t i v e e n g i n e s f r o m s t e a d y flight a t e 
speed e q u a l to 1.4 V3l w i t h m a x i m u m 
c o n t i n u o u s p o w e r a n d w i t h t h e a i r p l a n e 
I n t h e c o n f i g u r a t i o n p r e s c r i b e d b y p a r a 
g r a p h (b> of t h i s s e c t i o n . 

S 4 b . l 3 3 Minimum control speed, 
VM0. ( a ) A m i n i m u m speed s h a l l be 
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determined under the conditions spec
ified In this paragraph, so that when 
the critical engine Is suddenly made in
operative at that speed it shall be pos
sible to recover control of the airplane, 
with the engine still Inoperative, and 
maintain It in straight flight at that 
speed, either with zero yaw or, at the 
option of the applicant, with an angle 
of bank not In excess of 5°. Such speed 
shall not exceed 1.2 V«, with: 

(1> Take-off or maximum available 
power on all engines, 

<2) Rearmost center of gravity, 
(3) Flaps in take-off position, 
(4) Landing gear retracted, 
(5) Cowl flaps in the position nor

mally used during take-off, 
(6) M a x i m u m sea level take-oft 

weight, or such lesser weight as may be 
necessary to demonstrate Van?, 

(7) The airplane trimmed for take-off, 
(8) The propeller of the inoperative 

engine windmilling, except that a dif
ferent position of the propeller shall be 
acceptable if the specific design of the 
propeller control makes it more logical to 
assume the different position, 

(©) The airplane airborne and the 
ground effect negligible. 

<b> In demonstrating the minimum 
speed of paragraph (a) of this section, 
the rudder force required to maintain 
control shall not exceed 180 pounds, and 
it shall not be necessary to throttle the 
remaining engines. 

(c> During recovery of the maneuver 
of paragraph <a> ot this section the air
plane shall not assume any dangerous 
attitude, nor shall it require exceptional 
skill, strength, or alertness on the part 
of the pilot to prevent a change of head
ing in excess of 20' before recovery is 
complete. 

N O T E : I n t e r p r e t a t i o n No . 1 (17 F . R . 2113. 
M a r . 12, 1952) , adop ted b y t h e C i v i l A e r o 
n a u t i c s Boa rd , M a r . 7, 1952, p rov ides a » 
f o l l o w s : 

(1) T h e B o a r d In t e rp re t s a n d const rues 
subpa rag raph (6 ) ot J 4b. 133 ( a ) as r e q u i r i n g 
t h e A d m i n i s t r a t o r t o accept fo r t h e purposes 
o f f 4b. 133 a value l o r t h e One-eng ine - In 
opera t ive m i n i m u m c o n t r o l speed w h i c h has 
been es tabl i shed I n accordance w i t h t h e 
p rov is ions of t h a t sec t ion w i t h t h e p rope l l e r 
o f t h e inope ra t ive engine f ea the red : P r o 
v i d e d , T h a t t h e a i rp lane i n v o l v e d is e q u i p p e d 
w i t h an a u t o m a t i c f ea the r ing device accept 
able t o t h e A d m i n i s t r a t o r u n d e r 5 4b. 10 f o r 
d e m o n s t r a t i n g compl iance w i t h t h e take-of f 
p a t h a n d c l i m b requirement o f {§ 4b. 116 a n d 
4&.120 ( a ) a n d < b ) . 

T R I M 

§ 4b!40 General. The means used 
for trimming the airplane shall be such 
that after being trimmed and without 
further pressure upon, or movement of, 
either the primary control or its corre
sponding trim control by the pilot or the 
automatic pilot, the airplane shall com
ply with the trim requirements of 
55 4b.l41 through 40.H4. 

5 4b.l41 Lateral and directional trim. 
The airplane shall maintain lateral and 
directional trim under the most adverse 
lateral displacement of the center of 
gravity within the relevant operating 
limitations, under all normally expected 
conditions of operation, including opera
tion at any speed from 1,4 V i , to 90 per

cent of the maximum speed in level flight 
obtained with maximum continuous 
power, 

J 4b. 142 Longitudinal trim. The air
plane shall maintain longitudinal trim 
under the following conditions,' 

(a) During a climb with maximum 
continuous power at a speed not in ex
cess of 1.4 V S l with the landing gear 
retracted and the wing flaps both re
tracted and in the take-off position, 

<b) During a glide with power off at 
a speed not in excess of 1.4 V 3 l with the 
landing gear extended and the wing flaps 
both retracted and extended, with the 
forward center of gravity position ap
proved for landing with the maximum 
landing weight, and with the mast for
ward center of gravity position approved 
for landing regardless of weight, 

(c) During level flight at any speed 
from 1,4 V<t to 90 percent of the maxi
mum speed in level flight obtained with 
maximum continuous power with the 
landing gear and wing flaps retracted, 
and from 1.4 to V M with the land
ing gear extended. 

5 4b. 143 Longitudinal, directional, 
and lateral trim. <a> The airplane shall 
maintain longitudinal, directional, and 
lateral trim at, a speed equal to 1.4 Vtl 

during climbing flight with the critical 
engine inoperative, with 

(1) The remaining: engine (s) operat
ing at maximum continuous power, 

<2) Landing gear retracted, 
( 3 ) Wing flaps retracted. 
(b) In demonstrating compliance with 

the lateral trim requirement of para
graph (a) of this section, the angle of 
bank of the airplane shall not be in ex
cess of 5 degrees. 

5 4b,144 Trim for airplanes tplth four 
or more engines. The airplane shall 
maintain trim In rectilinear flight at the 
climb speed, configuration, and power 
used in establishing the rates of climb 
in S 4b. 121, with the most unfavorable 
center of gravity position, and at the 
weight at which the two-engine-inopera
tive climb is equal to at least 0.01 VM0' 
at an altitude of 5.000 feet. 

STABILITY 

J4b.l50 General. The airplane shall 
be longitudinally, directionally, and lat
erally stable in accordance with 5} 4b.l51 
through 4b.157. Suitable stability and 
control "feel" (static stability) shall be 
required in other conditions normally 
encountered In service if flight tests show 
such stability to be necessary for safe 
operation. 

} 4b,151 Static longitudinal stability. 
In the conditions outlined in 55 4b.l52 
through 4b. 155, the characteristics of the 
elevator control forces and friction shall 
comply with the following; 

(a) A pull shall be required to obtain 
and maintain speeds below the specified 
trim speed, and a push shall be required 
to obtain and maintain speeds above the 
specified trim speed. This criterion shall 
&pp'y at any speed which can be obtained 
without excessive control force, except 
that such speeds need not be greater than 
the appropriate operating Limit speed or 

need not be less than the minimum speed 
in steady unstaJled flight. 

(b) The air speed shall return to with
in 10 percent of the original trim speed 
when the control force is slowly released 
from any speed within the limits defined 
in paragraph (a) of this section. 

(c) The stable slope of stick force 
curve versus speed Bhall be such that any 
substantial change in speed Is clearly 
perceptible to the pilot through a result
ing change in stick force, 

S4b.l53 Stabilits daring landing. 
The stick force curve shall have a stable 
slope, and the stick force shall not ex
ceed 80 pounds at any speed between 
1.1 V.t and 1.8 Vtl with: 

(a) Wing flaps in the landing position, 
(b) The landing gear extended, 
<c) Maximum landing weight, 
<d) Throttles closed on all engines, 
(e) The airplane trimmed at 1.4 

with throttles closed. 
3 4b 153 Stability during approach. 

The stick force curve shall have a stable 
slope at all speeds between 1.1 and 
1,8 VH with: 

(a) Wing flaps In sea level approach 
position, 

<b) Landing gear retracted, 
(c) Maximum landing weight, 
(d) The airplane trimmed at 1.4 Vtl 

and with power sufficient to maintain 
level flight at this speed. 

} 4b.154 Stability during climb. The 
stick force curve shall have a stable slope 
at all speeds between 85 and 115 percent 
of the speed at which the airplane Is 
trimmed with: 

(a) Wing flaps retracted, 
(b> Landing gear retracted, 
(c) Maximum take-off weight, 
(d) 73 percent of maximum continu

ous power, 
(e) The airplane trimmed at the best 

rate-of-climb speed, except that the 
speed need not be less than 1.4 V\. 

5 4b.l55 Stability during cruising— 
(a) Landing gear retracted. Between 
1.3 V J , and VYB the stick force curve 
shall have a stable slope at all speeds ob
tainable with a stick force not in excess 
of 50 pounds with: 

(1) Wing flaps retracted, 
(2) Maximum take-off weight, 
(3) 75 percent of maximum continu

ous power, 
(4) The airplane trimmed for level 

flight with 75 percent of the maximum 
continuous power, 

(b> Landing gear extended. The 
stick force curve shall have ft stable 
slope at aU speeds between 1.3 V\ and 
the speed at which the airplane Is 
trimmed, except that the range of speeds 
need not exceed that obtainable with a 
stick force of 50 pounds with: 

(1) Wing flaps retracted, 
(2) Maximum take-off weight, 
(3) 75 percent maximum continuous 

power, or the power for level flight at 
the landing gear extended speed, V/^, 
whichever is the lesser, 

(4) The airplane trimmed for level 
flight with the power specified in sub
paragraph (3) of this paragraph. 
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8 4b.1158 Dynamic l o n g i t u d i n a l s t a 
b i l i ty . A n y s h o r t p e r i o d o s c i l l a t i o n 
o c c u r r i n g b e t w e e n s t a l l i n g s p e e d a n d 
m a x i m u m p e r m i s s i b l e s p e e d a p p r o p r i a t e 
to t h e c o n f i g u r a t i o n o f t h e a i r p l a n e s h a l l 
be h e a v i l y d a m p e d w i t h t h e p r i m a r y 
c o n t r o l s f r e e a n d i n a fixed p o s i t i o n . 

3 4b. 157 Static directional and lateral 
stability, ( a ) T h e s t a t i c d i r e c t i o n a l s t a 
b i l i t y , a s s h o w n b y t h e t e n d e n c y to r e 
cover f r o m a s k i d w i t h r u d d e r free , s h a l l 
be pos i t ive w i t h a l l l a n d i n g g e a r a n d flap 
pos i t i ons a n d s y m m e t r i c a l p o w e r c o n d i 
t i o n s , a t a l l speeds f r o m 1.2 V a i u p to 
the o p e r a t i n g l i m i t speed . 

(b ) T h e s t a t i c l a t e r a l s t a b i l i t y , a s 
s h o w n b y t h e t e n d e n c y t o r a i s e t h e l o w 
w i n g i n a s i d e s l i p w i t h t h e a i l e r o n c o n 
t r o l s f r e e a n d w i t h a l l l a n d i n g g e a r a n d 
flap pos i t ions a n d s y m m e t r i c a l p o w e r 
c o n d i t i o n s , s h a l l : 

( 1 ) B e pos i t i ve a t the o p e r a t i n g l i m i t 
s p e e d , 

(2 ) N o t be n e g a t i v e a t a s p e e d e q u a l 
t o 1.2 V H . 

(c) I n s t r a i g h t s t e a d y s ides l ips ( u n a c 
c e l e r a t e d f o r w a r d s l i p s ) t h e a i l e r o n a n d 
r u d d e r c o n t r o l m o v e m e n t s a n d f o r c e s 
s h a l l be s u b s t a n t i a l l y p r o p o r t i o n a l to t h e 
a n g l e o f s ides l ip , a n d t h e f a c t o r o f 
p r o p o r t i o n a l i t y s h a l l l i e b e t w e e n l i m i t s 
f o u n d n e c e s s a r y f o r s a f e o p e r a t i o n 
t h r o u g h o u t t h e r a n g e of s ides l ip a n g l e s 
a p p r o p r i a t e to t h e o p e r a t i o n of t h e a i r 
p l a n e . A t g r e a t e r a n g l e s u p to t h a t a t 
w h i c h t h e f u l l r u d d e r c o n t r o l i s e m p l o y e d 
o r a r u d d e r p e d a l f orce o f 180 p o u n d s i s 
o b t a i n e d , t h e r u d d e r p e d a l f o r c e s s h a l l 
n o t r e v e r s e , a n d I n c r e a s e d r u d d e r de f l ec 
t i o n s h a l l p r o d u c e i n c r e a s e d a n g l e s o f 
s ides l ip . Suf f i c i ent b a n k s h a l l a c c o m 
p a n y s i d e s l i p p i n g to i n d i c a t e c l e a r l y a n y 
d e p a r t u r e f r o m s t e a d y u n y a w e d flight, 
u n l e s s a y a w i n d i c a t o r i s p r o v i d e d . 

S 4b.158 Dynamic directional and lat
eral stability. A n y s h o r t p e r i o d o s c i l l a 
t i o n o c c u r r i n g b e t w e e n s t a l l i n g speed 
a n d m a x i m u m p e r m i s s i b l e speed a p p r o 
p r i a t e to t h e c o n f i g u r a t i o n of t h e a i r 
p l a n e s h a l l be h e a v i l y d a m p e d w i t h t h e 
p r i m a r y c o n t r o l s f r e e a n d I n a f ixed 
pos i t ion . 

STALLING CHARACTERISTICS 
5 4b . l 60 Stalling; symmetrical power. 

( a ) S t a l l s s h a l l b e d e m o n s t r a t e d w i t h 
t h e a i r p l a n e i n s t r a i g h t f l i g h t a n d I n 
b a n k e d t u r n s a t 30 degrees , b o t h w i t h 
p o w e r off a n d w i t h p o w e r o n . I n t h e 
p o w e r - o n c o n d i t i o n s t h e p o w e r s h a l l be 
t h a t n e c e s s a r y to m a i n t a i n l e v e l f l i g h t a t 
a speed of 1.6 V S l , w h e r e Vsx c o r r e s p o n d s 
W i t h t h e s t a l l i n g speed w i t h flaps i n t h e 
a p p r o a c h pos i t i on , t h e l a n d i n g gear r e 
t r a c t e d , a n d m a x i m u m l a n d i n g w e i g h t . 

Cb) T h e s t a l l d e m o n s t r a t i o n s h a l l be 
i n tee f o l l o w i n g c o n f i g u r a t i o n s : 

(1 ) W i n g flaps a n d l a n d i n g g e a r i n 
a n y l i k e l y c o m b i n a t i o n of pos i t i ons , 

(2) R e p r e s e n t a t i v e w e i g h t s w i t h i n t h e 
r a n g e f o r w h i c h c e r t i f i c a t i o n Is sought , 

(3) T h e c e n t e r of g r a v i t y i n t h e m o s t 
a d v e r s e p o s i t i o n for r e c o v e r y . 

( c ) T h e s t a l l d e m o n s t r a t i o n s h a l l b e 
c o n d u c t e d a s fo l lows: 

( 1 ) W i t h t r i m c o n t r o l s a d j u s t e d f o r 
s t r a i g h t f l ight a t a s p e e d of 1.4 V * t , t h e 
speed s h a l l be r e d u c e d b y m e a n s of t h e 
e l e v a t o r c o n t r o l u n t i l i t i s s t e a d y a t 
s l i g h t l y above s t a l l i n g s p e e d ; a f t e r w h i c h 

t h e e l e v a t o r c o n t r o l s h a l l be a p p l i e d a t a 
r a t e s u c h t h a t t h e a i r p l a n e speed r e d u c 
t i o n does n o t e x c e e d one m i l e p e r h o u r 
p e r s e c o n d u n t i l t h e a i r p l a n e i s s t a l l e d 
or , i f t h e a i r p l a n e i s n o t s t a l l e d , u n t i l 
t h e c o n t r o l r e a c h e s t h e s top . 

( 2 ) T h e a i r p l a n e s h a l l be c o n s i d e r e d 
s t a l l e d w h e n , a t a n a n g l e of a t t a c k m e a s 
u r a b l y g r e a t e r t h a n t h a t of m a x i m u m 
l i f t , t h e i n h e r e n t f l ight c h a r a c t e r i s t i c s 
g ive a c l e a r i n d i c a t i o n to t h e p i lo t t h a t 
t h e a i r p l a n e i s s t a l l e d . 

N O T E : A nose -down p i t c h or a r o l l w h i c h 
c a n n o t be r ead i ly arres ted are t y p i c a l i n d i 
ca t ions t h a t t h e a i r p l a n e is s ta l l ed . O t h e r 
i n d i c a t i o n s , such as m a r k e d loss o l c o n t r o l 
effectiveness, a b r u p t change i n c o n t r o l force 
or m o t i o n , charac te r i s t i c b u f f e t i n g , o r a d i s 
t i n c t i v e v i b r a t i o n o l t h e p i l o t ' s con t ro l s , m a y 
be accepted It f o u n d i n a p a r t i c u l a r case 
t o be suff ic ient ly clear. 

(3) R e c o v e r y f r o m t h e s t a l l s h a l l b e 
effected b y n o r m a l r e c o v e r y t e c h n i q u e s , 
s t a r t i n g a s soon a s t h e a i r p l a n e i s s t a l l e d . 

( d ) D u r i n g s t a l l d e m o n s t r a t i o n i t 
s h a l l be poss ible to p r o d u c e a n d to c o r 
r e c t r o l l a n d y a w b y u n r e v e r s e d use o f 
t h e a i l e r o n a n d r u d d e r c o n t r o l s u p t o 
t h e m o m e n t t h e a i r p l a n e i s s t a l l e d ; t h e r e 
s h a l l o c c u r no a b n o r m a l n o s e - u p p i t c h 
i n g ; a n d t h e l o n g i t u d i n a l c o n t r o l f o r c e 
s h a l l be pos i t i ve u p to a n d i n c l u d i n g t h e 
s t a l l . 

<e) I n s t r a i g h t flight s t a l l s t h e r o l l o c 
c u r r i n g be tween the s t a l l a n d the c o m 
p l e t i o n o f t h e r e c o v e r y s h a l l n o t e x c e e d 
a p p r o x i m a t e l y 20 degrees . 

(t) I n t u r n i n g flight s t a l l s t h e a c t i o n 
o f t h e a i r p l a n e f o l l o w i n g t h e s t a l l s h a l l 
n o t be so v i o l e n t o r e x t r e m e a s to m a k e 
i t diff icult w i t h n o r m a l p i l o t i n g s k i l l to 
effect a p r o m p t r e c o v e r y a n d to r e g a i n 
c o n t r o l of t h e a i r p l a n e . 

Cg> I n b o t h t h e s t r a i g h t flight a n d t h e 
t u r n i n g flight s t a l l d e m o n s t r a t i o n s i t 
s h a l l be poss ible p r o m p t l y to p r e v e n t t h e 
a i r p l a n e f r o m s t a l l i n g a n d to r e c o v e r 
f r o m the s t a l l c o n d i t i o n b y n o r m a l u s e 
o f t h e contro l s , 

5 4b.161 Stalling; asymmetrical 
power, ( a ) T h e a i r p l a n e s h a l l be s a f e l y 
r e c o v e r a b l e w i t h o u t a p p l y i n g p o w e r to 
t h e I n o p e r a t i v e eng ine w h e n s t a l l e d w i t h : 

(1 ) T h e c r i t i c a l e n g i n e i n o p e r a t i v e , 
( 3 ) F l a p s a n d l a n d i n g g e a r r e t r a c t e d , 
( 3 ) T h e r e m a i n i n g e n g i n e s o p e r a t i n g 

u p to 75 p e r c e n t o f m a x i m u m c o n t i n u o u s 
p o w e r , e x c e p t t h a t t h e p o w e r n e e d n o t 
be g r e a t e r t h a n t h a t a t w h i c h t h e w i n g s 
c a n be h e l d l e v e l l a t e r a l l y w i t h t h e u s e 
o f m a x i m u m c o n t r o l t r a v e l 

(b> I t s h a l l be a c c e p t a b l e to t h r o t t l e 
b a c k t h e o p e r a t i n g eng ines d u r i n g t h e 
r e c o v e r y f r o m t h e s t a l l . 

§ 4b,162 S t a l l warning. C l e a r a n d 
d i s t i n c t i v e s t a l l w a r n i n g s h a l l be a p p a r 
e n t to t h e p i l o t w i t h suff ic ient m a r g i n 
to p r e v e n t i n a d v e r t e n t s t a l l i n g of t h e 
a i r p l a n e w i t h f laps a n d l a n d i n g g e a r i n 
a l l n o r m a l l y used pos i t ions , both i n 
s t r a i g h t a n d i n t u r n i n g flight. I t s h a l l 
be a c c e p t a b l e f o r t h e w a r n i n g to be f u r 
n i s h e d e i t h e r t h r o u g h the i n h e r e n t a e r o 
d y n a m i c q u a l i t i e s of t h e a i r p l a n e o r b y 
a dev ice w h i c h w i l l give c l e a r l y d i s t i n 
g u i s h a b l e i n d i c a t i o n s u n d e r a l l e x p e c t e d 
c o n d i t i o n s o f f l ight . 

N O T E : A s t a l l w a r n i n g b e g i n n i n g a t a speed 
7 percent above t h e s t a l l i n g speed is n o r m a l l y 
considered sufficient m a r g i n . O t h e r m a r g i n s 

ma; be acceptable depending upon the de
gree of clarity, duration, and distinctiveness 
Of the warning and upon other characteris
tics of the airplane evidenced during the 
approach to the stall. 

GROUND HANDLING CHARACTERISTICS 
S 4b. 170 Longitudinal stability and 

control, ( a ) T h e r e s h a l l be n o u n c o n 
t r o l l a b l e t e n d e n c y for l a n d p l a n e s to n o s e 
over i n a n y r e a s o n a b l y e x p e c t e d o p e r a t 
i n g c o n d i t i o n or w h e n r e b o u n d o c c u r s 
d u r i n g l a n d i n g o r take-off . 

( b ) W h e e l b r a k e s s h a l l o p e r a t e 
s m o o t h l y a n d s h a l l e x h i b i t n o u n d u e 
t e n d e n c y to i n d u c e n o s i n g over . 

( 0 ) W h e n a t a i l - w h e e l l a n d i n g g e a r i s 
u s e d i t s h a l l be poss ible d u r i n g t h e t a k e 
off g r o u n d r u n o n c o n c r e t e to m a i n t a i n 
a n y a t t i t u d e u p to t h r u s t l i n e l eve l a t 
80 p e r c e n t of Vtl. 

I 4b . l 71 Directional stability and con
trol, ( a ) T h e r e s h a l l be n o u n c o n t r o l 
l a b l e g r o u n d - l o o p i n g t e n d e n c y i n 90* 
c r o s s w i n d s o f ve loc i ty u p to 0,2 a t 
a n y g r o u n d speed a t w h i c h t h e a i r p l a n e 
i s e x p e c t e d to operate . 

<b) A l l l a n d p l a n e s s h a l l be d e m o n 
s t r a t e d t o b e s a t i s f a c t o r i l y c o n t r o l l a b l e 
w i t h n o e x c e p t i o n a l degree of s k i l l o r 
a l e r t n e s s o n t h e p a r t o f t h e p i l o t I n 
power-o f f l a n d i n g s a t n o r m a l l a n d i n g 
speed d u r i n g w h i c h b r a k e s o r e n g i n e 
p o w e r a r e n o t used to m a i n t a i n a s t r a i g h t 
p a t h . 

( c ) M e a n s s h a l l be p r o v i d e d f o r d i 
r e c t i o n a l c o n t r o l of t h e a i r p l a n e d u r i n g 
t a x y i n g . 

S 4b. 172 Shock absorption. T h e s h o e * 
a b s o r b i n g m e c h a n i s m s h a l l n o t p r o d u c e 
d a m a g e to t h e s t r u c t u r e w h e n t h e a i r 
p l a n e i s t a x i e d o n t h e r o u g h e s t g r o u n d 
w h i c h i t i s r e a s o n a b l e to e x p e c t t h e a i r 
p l a n e to e n c o u n t e r i n n o r m a l o p e r a t i o n . 

S 4b . l73 Demonstrated cross wind. 
T h e r e s h a l l be e s t a b l i s h e d a c r o s s c o m 
p o n e n t of w i n d ve loc i ty a t w h i c h i t h a s 
been d e m o n s t r a t e d to be s a f e to t a k e o3 
or l a n d . 

WATER HANDLINGS CHARACTERISTICS 

5 4b . I80 Water conditions. T h e m o s t 
a d v e r s e w a t e r c o n d i t i o n s I n w h i c h t h e 
s e a p l a n e h a s been d e m o n s t r a t e d t o be 
s a f e f o r take-off , t a x y i n g , a n d a l i g h t i n g 
s h a l l be e s t a b l i s h e d . 

§ 4b.181 Wind conditions. T h e f o l 
l o w i n g w i n d ve loc i t ies s h a l l be e s t a b 
l i s h e d : 

(a> A l a t e r a l c o m p o n e n t o f w i n d v e 
l o c i t y n o t less t h a n 0 .2Vs o a t a n d be low 
w h i c h i t h a s been d e m o n s t r a t e d t h a t t h e 
s e a p l a n e i s sa fe for t a k i n g off a n d a l i g h t 
i n g u n d e r a l l w a t e r c o n d i t i o n s i n w h i c h 
t h e s e a p l a n e i s l i k e l y to be o p e r a t e d ; 

Cb) A w i n d ve loc i ty a t a n d below 
w h i c h i t h a s been d e m o n s t r a t e d t h a t t h e 
s e a p l a n e is safe i n t a x y i n g i n a l l d i r e c 
t ions , u n d e r a l l w a t e r c o n d i t i o n s i n 
w h i c h t h e s e a p l a n e i s l i k e l y to be 
o p e r a t e d . 

5 4b.182 C o n f r o l and stability on the 
water, ( a ) I n ta lc ing off, t a x y i n g , a n d 
a l i g h t i n g , t h e s e a p l a n e s h a l l n o t e x h i b i t 
t h e f o l l o w i n g : 

(1) A n y d a n g e r o u s l y u n c o n t r o l l a b l e 
p o r p o i s i n g , b o u n c i n g , o r s w i n g i n g 
t e n d e n c y ; 

10 



(2 ) A n y s u b m e r g i n g o f a u x i l i a r y 
floats o r sponsons , a n y i m m e r s i o n o f 
w i n g t i p s , p r o p e l l e r b lades , or o t h e r 
p a r t s of t h e s e a p l a n e w h i c h a r e n o t d e 
s i g n e d to w i t h s t a n d t h e r e s u l t i n g w a t e r 
l o a d s ; 

( 3 ) A n y s p r a y f o r m i n g w h i c h w o u l d 
I m p a i r t h e p i lot ' s v iew, c a u s e d a m a g e t o 
t h e s e a p l a n e , o r r e s u l t i n i n g r e s s of a n 
u n d u e q u a n t i t y of w a t e r . 

(b ) C o m p l i a n c e w i t h p a r a g r a p h ( a ) 
o f t h i s s e c t i o n s h a l l be s h o w n u n d e r t h e 
f o l l o w i n g c o n d i t i o n s ; 

(1) A l l w a t e r c o n d i t i o n s f r o m s m o o t h 
to t h e m o s t a d v e r s e c o n d i t i o n e s t a b l i s h e d 
i n a c c o r d a n c e w i t h 5 4b. 180; 

<2) A l l w i n d a n d c r o s s - w i n d ve loc i t ies , 
w a t e r c u r r e n t s , a n d a s s o c i a t e d w a v e s a n d 
s w e l l s w h i c h t h e s e a p l a n e i s l i k e l y t o 
e n c o u n t e r i n o p e r a t i o n on w a t e r ; 

( 3 ) A l l speeds a t w h i c h t h e s e a p l a n e 
i s l i k e l y to be o p e r a t e d o n t h e w a t e r ; 

(4) S u d d e n f a i l u r e of t h e c r i t i c a l e n 
gine , o c c u r r i n g a t a n y t i m e w h i l e t h e 
a i r p l a n e i s o p e r a t e d o n w a t e r ; 

(5 ) A l l s e a p l a n e w e i g h t s a n d c e n t e r 
ot g r a v i t y pos i t i ons w i t h i n t h e r a n g e of 
l o a d i n g c o n d i t i o n s for w h i c h c e r t i f i c a 
t i o n Is sought , r e l e v a n t to e a c h c o n d i 
t i o n of o p e r a t i o n . 

( c ) I n t h e w a t e r c o n d i t i o n s o f p a r a 
g r a p h (b ) of t h i s s e c t i o n a n d t h e c o r 
r e s p o n d i n g w i n d c o n d i t i o n s t h e s e a p l a n e 
s h a l l be a b l e to d r i f t f o r 5 m i n u t e s w i t h 
e n g i n e s I n o p e r a t i v e , a i d e d i f n e c e s s a r y 
b y a s e a a n c h o r . 

MISCELLANEOUS FLIGHT BEQUIREIfENrS 
3 4b . l90 Flutter and vibration, ( a ) 

A l l p a r t s of t h e a i r p l a n e s h a l l be d e m o n 
s t r a t e d i n f l ight to be free f r o m S u t t e r 
a n d exces s ive v i b r a t i o n u n d e r a l l speed 
a n d p o w e r c o n d i t i o n s a p p r o p r i a t e to t h e 
o p e r a t i o n ot t h e a i r p l a n e u p to a t l e a s t 
t h e m i n i m u m v a l u e p e r m i t t e d f o r P c i n 
S 4b.310 (b ) ( 5 ) . T h e m a x i m u m speeds 
s o d e m o n s t r a t e d s h a l l be u s e d I n e s t a b 
l i s h i n g t h e o p e r a t i n g l i m i t a t i o n s of t h e 
a i r p l a n e I n a c c o r d a n c e w i t h } 4b,711. 

(b> T h e r e s h a l l be n o buf fe t ing c o n 
d i t i o n i n n o r m a l f l ight severe e n o u g h to 
i n t e r f e r e w i t h t h e c o n t r o l of t h e a i r 
p l a n e , to c a u s e excess ive f a t i g u e t o t h e 
c r e w , or to c a u s e s t r u c t u r a l damage.* 
( S e e a l so § 4b.308.) 

SUBPART C — S T R U C T U R E 

GENERAL 

§ 4 b . 2 0 0 L o a d s . S t r e n g t h r e q u i r e 
m e n t s o f t h i s s u b p a r t a r e spec i f ied i n 
t e r m s o f l i m i t a n d u l t i m a t e loads . U n 
less o t h e r w i s e s t a t e d , t h e spec i f i ed l o a d s 
s h a l l be c o n s i d e r e d a s l i m i t loads . I n d e 
t e r m i n i n g c o m p l i a n c e w i t h t h e s e r e q u i r e 
m e n t s t h e f o l l o w i n g s h a l l be a p p l i c a b l e : 

( a ) T h e f a c t o r of sa f e ty s h a l l be 1.5 
u n l e s s o t h e r w i s e specif ied. 

(b ) U n l e s s o t h e r w i s e p r o v i d e d , t h e 
speci f ied a i r , g r o u n d , a n d w a t e r l o a d s 
s h a l l be p l a c e d i n e q u i l i b r i u m w i t h 
i n e r t i a forces , c o n s i d e r i n g a l l I t e m s o f 
m a s s i n t h e a i r p l a n e . 

( c ) A l l l o a d s s h a l l be d i s t r i b u t e d i n a 
m a n n e r c lose ly a p p r o x i m a t i n g or c o n 
s e r v a t i v e l y r e p r e s e n t i n g a c t u a l c o n d i 
t i o n s . 

' I t is n o t t h e i n t e n t o r t h i s r e q u i r e m e n t 
t o d i s c o u r s e such s t a l l w a r n i n g b u f f e t i n g 
as does n o t c o n t r a d i c t these p rov i s ions . 

( d ) I f def lect ions u n d e r l o a d s i g n i f i 
c a n t l y c h a n g e the d i s t r i b u t i o n of e x t e r 
n a l or i n t e r n a l l oads , t h e r e d i s t r i b u t i o n 
s h a l l be t a k e n i n t o a c c o u n t . 

5 4b,201 Strength and deformation. 
( a ) T h e s t r u c t u r e s h a l l b e c a p a b l e o l 
s u p p o r t i n g l i m i t l oads w i t h o u t suf fer ing 
d e t r i m e n t a l p e r m a n e n t d e f o r m a t i o n s . 

(b ) A t a l l loads u p to l i m i t l oads the 
d e f o r m a t i o n s h a l l be s u c h a s n o t to i n t e r 
f e r e w i t h s a f e o p e r a t i o n of t h e a i r p l a n e . 

fc> T h e s t r u c t u r e s h a l l be c a p a b l e of 
s u p p o r t i n g u l t i m a t e l oads w i t h o u t f a i l 
u r e . I t s h a l l s u p p o r t t h e l o a d for a t 
l e a s t 3 s econds , u n l e s s proof of s t r e n g t h 
I s d e m o n s t r a t e d b y d y n a m i c t e s t s s i m u 
l a t i n g a c t u a l c o n d i t i o n s of l o a d a p p l i c a 
t i o n , 

( d ) W h e r e s t r u c t u r a l flexibility i s s u c h 
t h a t a n y r a t e o f l o a d a p p l i c a t i o n l i k e l y 
to o c c u r i n t h e o p e r a t i n g c o n d i t i o n s 
m i g h t p r o d u c e t r a n s i e n t s t resses a p p r e 
c i a b l y h i g h e r t h a n those c o r r e s p o n d i n g 
w i t h s t a t i c loads , t h e effects o f s u c h r a t e 
of a p p l i c a t i o n s h a l l be c o n s i d e r e d . 

5 4b.202 Proof of structure, f a ) 
P r o o f of c o m p l i a n c e of t h e s t r u c t u r e w i t h 
t h e s t r e n g t h a n d d e f o r m a t i o n r e q u i r e 
m e n t s o f } 4b .20 l s h a l l be m a d e f o r a l l 
c r i t i c a l l o a d i n g c o n d i t i o n s . 

(b> P r o o f of c o m p l i a n c e b y m e a n s of 
s t r u c t u r a l a n a l y s i s s h a l l be a c c e p t a b l e 
o n l y w h e n t h e s t r u c t u r e c o n f o r m s to 
types f o r w h i c h e x p e r i e n c e h a s s h o w n 
s u c h m e t h o d s to be r e l i a b l e . I n a l l o t h e r 
c a s e s s u b s t a n t i a t i n g tests s h a l l be r e 
q u i r e d . 

<c) I n a l l ca se s c e r t a i n p o r t i o n s o f t h e 
s t r u c t u r e s h a l l be tes ted a s spec i f ied i n 
i 4b.3O0. 

F L I G H T L O A D S 

§ 4 b . 2 1 0 G e n e r a l . P l i g h t l o a d r e q u i r e 
m e n t s s h a l l be c o m p l i e d w i t h a t c r i t i c a l 
a l t i t u d e s w i t h i n t h e r a n g e se lec ted b y 
t h e a p p l i c a n t , a t a l l w e i g h t s f r o m t h e 
d e s i g n m i n i m u m w e i g h t to t h e d e s i g n 
m a x i m u m w e i g h t , t h e l a t t e r n o t b e i n g 
less t h a n t h e des ign take -o f f we ight , w i t h 
a n y p r a c t i c a b l e d i s t r i b u t i o n o f d i s p o s 
a b l e l o a d w i t h i n p r e s c r i b e d o p e r a t i n g 
l i m i t a t i o n s s t a t e d i n t h e A i r p l a n e F l i g h t 
M a n u a l (see S 4b.740>, A t a l l speeds i n 
e x c e s s of t h o s e c o r r e s p o n d i n g w i t h a 
M a c h n u m b e r of 0.65, c o m p r e s s i b i l i t y 
effects s h a l l be t a k e n i n t o a c c o u n t . 

( a ) Flight load factor. T h e flight 
l o a d f a c t o r s spec i f i ed i n t h i s s u b p a r t 
s h a l l r e p r e s e n t t h e c o m p o n e n t of a c c e l 
e r a t i o n i n t e r m s of t h e g r a v i t a t i o n a l 
c o n s t a n t . T h e S i g h t l o a d f a c t o r s h a l l 
be a s s u m e d to a c t n o r m a l to t h e l o n g i 
t u d i n a l a x i s o f t h e a i r p l a n e , s h a l l be 
e q u a l i n m a g n i t u d e , a n d s h a l l be o p p o 
s i te i n d i r e c t i o n to t h e a i r p l a n e I n e r t i a 
l o a d f a c t o r a t t h e c e n t e r of g r a v i t y . 

(b ) Design air speeds. T h e d e s i g n a i r 
s p e e d s s h a l l be e q u i v a l e n t a i r speeds 
( E A S ) a n d s h a l l b e c h o s e n b y t h e a p p l i 
c a n t , e x c e p t t h a t t h e y s h a l l n o t be l e s s 
t h a n t h e s p e e d s de f ined I n s u b p a r a 
g r a p h s (1 ) t h r o u g h ( 5 ) o t t h i s p a r a 
g r a p h . W h e r e e s t i m a t e d v a l u e s of t h e 
speeds Vt(l a n d Vit a r e u s e d , s u c h e s t i 
m a t e s s h a l l b e c o n s e r v a t i v e . 

( 1 ) Design flap speed, Vp, T h e m i n i 
m u m v a l u e of t h e d e s i g n flap speed s h a l l 
b e e q u a l t o 1.4 o r l . B w h i c h e v e r 
i s t h e g r e a t e r , w h e r e i s t h e s t a l l i n g 
speed w i t h f laps r e t r a c t e d a t t h e d e s i g n 
l a n d i n g we ight , a n d Vt„ I s t h e s t a l l i n g 
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s p e e d w i t h f laps i n the l a n d i n g p o s i t i o n a t 
t h e d e s i g n l a n d i n g we ight , x s e e § 4 b . 2 i 2 
( d ) r e g a r d i n g a u t o m a t i c flap o p e r a t i o n . ) 

(2) Design maneuvering speed, V A . 
T h e d e s i g n m a n e u v e r i n g speed s h a l l 
be e q u a l to V « , V n w h e r e n is t h e l i m i t 
m a n e u v e r i n g l o a d f a c t o r u s e d (see 
S 4b.211 ( a ) ) a n d V i t i s t h e s t a l l i n g speed 
w i t h flaps r e t r a c t e d a t t h e d e s i g n t a k e 
off w e i g h t . ( S e e fig. 4 b - 2 . ) 

( 3 ) Design speed for maximum gust 
intensity. VB. V„ shall be t i le speed at 
w h i c h t h e 40 t. p. s. g u s t l i n o i n t e r s e c t s 
t h e pos i t ive Cwmox c u r v e o n t h e gust V-n 
enve lope . ( S e e $ 4b.211 (b ) a n d fig. 
4 b - 3 . ) 

( 4 ) Design cruising speed, V c . T h e 
m i n i m u m d e s i g n c r u i s i n g speed Vc s h a l l 
be suff ic ient ly g r e a t e r t h a n vB to p r o v i d e 
for i n a d v e r t e n t s p e e d i n c r e a s e s l i k e l y to 
o c c u r a s a r e s u l t of severe a t m o s p h e r i c 
t u r b u l e n c e . I n t h e a b s e n c e of a r a t i o n a l 
I n v e s t i g a t i o n s u b s t a n t i a t i n g t h e u s e of 
o t h e r va lues , Vc s h a l l n o t be less t h a n 
V B + 5 0 ( m . p. K ) , e x c e p t t h a t i t n e e d 
n o t e x c e e d t h e m a x i m u m speed i n l e v e l 
flight a t m a x i m u m c o n t i n u o u s p o w e r 
for t h e c o r r e s p o n d i n g a l t i tude . A t a l 
t i t u d e s w h e r e Vn i s l i m i t e d b y M a c h 
n u m b e r . Va n e e d n o t e x c e e d 0.8 V ^ , a s 
s h o w n I n figure 4 b - l . e x c e p t t h a t I t 
s h a l l n o t be less t h a n 1.3 V , , w i t h t h e 
flaps r e t r a c t e d a t t h e m a x i m u m a l t i 
t u d e for w h i c h c e r t i f i c a t i o n i s d e s i r e d . 

(5 ) Design dive speed V D . T h e m i n i 
m u m d e s i g n d i v e speed s h a l l be s u f 
ficiently g r e a t e r t h a n V „ to p r o v i d e tbi 
sa fe r e c o v e r y f r o m I n a d v e r t e n t u p s e t s 

(2) T h e n e g a t i v e m a n e u v e r i n g l o a d 
f a c t o r s h a l l h a v e a m i n i m u m v a l u e o f 
—1.0 a t a l l speeds u p to V,., a n d I t s h a l l 
v a r y l i n e a r l y w i t h s p e e d f r o m t h e v a l u e 
a t V0 to zero a t VB. 

(b ) G a s f l o a d factors. T h e a i r p l a n e 
s h a l l be a s s u m e d to be s u b j e c t e d to s y m 
m e t r i c a l v e r t i c a l gus t s w h i l e i n leve l 
flight. T h e r e s u l t i n g l i m i t l o a d f a c t o r s 
s h a l l c o r r e s p o n d w i t h t b e f o l l o w i n g c o n 
d i t i o n s : 

(1) P o s i t i v e ( u p ) a n d n e g a t i v e ( d o w n ) 
gus t s o f 40 f. p. s. n o m i n a l i n t e n s i t y a t a 
s p e e d V j , s h a l l be a p p l i c a b l e w h e r e t h e 
pos i t ive 40 f. p. s. gus t l i n e i n t e r s e c t s t h e 
pos i t ive C S m „ c u r v e . I f t h i s g u s t I n 
t e n s i t y p r o d u c e s l o a d f a c t o r s g r e a t e r 
t h a n t h o s e o b t a i n e d i n c o n d i t i o n (2) of 
t h i s p a r a g r a p h , I t s h a l l be a c c e p t a b l e t o 
m o d i f y i t a t a l t i t u d e s above 20,000 f t . i n 
s u c h a m a n n e r a s to p r o d u c e a l o a d 
f a c t o r n o t less t h a n t h a t o b t a i n e d I n 
c o n d i t i o n (2) of t h i s p a r a g r a p h . 

(2 ) P o s i t i v e a n d n e g a t i v e g u s t s of 30 
f. p . s. s h a l l be c o n s i d e r e d a t Vg. 

(3 ) P o s i t i v e a n d n e g a t i v e gus t s of 15 
t. p. s. s h a l l be c o n s i d e r e d a t VD. 

(4) G u s t l o a d f a c t o r s s h a l l be a s s u m e d 
t o v a r y l i n e a r l y b e t w e e n t h e spec i f ied 
c o n d i t i o n s a s s h o w n o n t h e gus t enve lope 
of figure 4 b - 3 . 

(5 ) I n t h e a b s e n c e of a m o r e r a t i o n a l 
a n a l y s i s t h e gust l o a d f a c t o r s s h a l l be 
c o m p u t e d by t h e f o l l o w i n g f o r m u l a : 

o c c u r r i n g a t V0. I n t h e absence of a 
r a t i o n a l i n v e s t i g a t i o n , t h e m i n i m u m 
v a l u e of V„ s h a l l n o t be less t h a n 1,25 V0 

o r Vp-t-70 ( m . p. h . ) , w h i c h e v e r i s t h e 
g r e a t e r , i n t h e a l t i t u d e r a n g e b e t w e e n 
s e a l eve l a n d a n a l t i t u d e se lec ted b y t h e 
a p p l i c a n t . A t h i g h e r a l t i t u d e s i t s h a l l 
be a c c e p t a b l e t o l i m i t Va to a M a c h n u m 
ber se l ec ted by t h e a p p l i c a n t . (See fig. 
4 b - l . ) 

5 4 b . 2 l l Flight envelopes. T h e 
strength rgquirements shall be met ftt an 
c o m b i n a t i o n s o f a i r speed a n d load f a c t o r 
o n a n d w i t h i n t h e b o u n d a r i e s of the V-n 
d i a g r a m s of figures 4 b - 2 a n d 4 b - 3 w h i c h 
r e p r e s e n t the m a n e u v e r i n g ancj gust 
enve lopes . T h e s e enve lopes s h a l l a l so be 
Used i n d e t e r m i n i n g t h e a i r p l a n e s t r u c 
t u r a l o p e r a t i n g l i m i t a t i o n s a s speci f ied i n 
i 4b.710. 

( a ) Maneuvering load factors. ( S e e 
fig, 4 b - 2 . ) T h e a i r p l a n e s h a l l be a s s u m e d 
t o be s u b j e c t e d to s y m m e t r i c a l m a n e u v e r s 
r e s u l t i n g i n t h e l i m i t l o a d f a c t o r s p r e 
s c r i b e d i n s u b p a r a g r a p h s (1) a n d ( 2 ) of 
t h i s p a r a g r a p h , e x c e p t w h e r e l i m i t e d b y 
m a x i m u m ( s t a t i c ) l i f t coefficients. 
P i t c h i n g ve loc i t i e s a p p r o p r i a t e to t h e 
c o r r e s p o n d i n g p u l l - u p a n d s t e a d y t u r n 
m a n e u v e r s s h a l l be t a k e n in to a c c o u n t . 
L o w e r v a l u e s of m a n e u v e r i n g l o a d f a c t o r 
s h a l l be a c c e p t a b l e o n l y i f i t i s s h o w n 
t h a t t h e a i r p l a n e embodie s f e a t u r e s o f 
d e s i g n w h i c h m a k e i t imposs ib l e to e x 
ceed s u c h v a l u e s i n flight. 

(1) T h e pos i t ive m a n e u v e r i n g l o a d 
f a c t o r n for a n y f l ight speed u p to V D 

s h a l l be s e l e c t e d b y t h e a p p l i c a n t , e x 
c e p t t h a t I t s h a l l n o t be l e s s t h a n 2.5. 

7 1 = 1 + 

where 

K 

KVVa 

= * ( T 

575 ( W 7 S ) ' 

j (for w / s < i e p. ». r . ) , or 

2.67 
g - U 3 - j y t f ^ i ( r « - w / s > i e p . » . * . ) , 

ff=nominai gus t ve loc i t y ( f . p. » . ) . 
(Note t h a t U i s "effective s h a r p -
edged" gus t equals KU.) 

V=airplane speed ( m . p . h . ) , 
W / S = w l n g l o a d i n g ( p . B . f . ) . 

a = e l o p e o f t h e a i rp lane n o r m a l force 
coefficient curve C W j per r a d i a n I I 
t h e jfust loads are app l i ed t o t h e 
wines a n d h o r i z o n t a l t a l l surfaces 
s i m u l t a n e o u s l y b y a r a t i o n a l 
m e t h o d . I t sha l l be acceptable t o 
use t h e w i n g l i f t curve slope C, 
per r a d i a n w h e n t h e gus t l o a d Is 

app l ied to t h e wlnge only and t h e 
h o r i z o n t a l t a l l gus t loads are 
t r e a t e d as a separate c o n d i t i o n . 

8 4b,213 Effect of high lift devices. 
W h e n flaps o r s i m i l a r h i g h l i f t dev ices 
i n t e n d e d f o r u s e a t t h e r e l a t i v e l y l o w a i r 
speeds o f a p p r o a c h , l a n d i n g , a n d t a k e 
off a r e i n s t a l l e d , t h e a i r p l a n e s h a l l be 
a s s u m e d to be s u b j e c t e d to s y m m e t r i c a l 
m a n e u v e r s a n d gusts w i t h t h e flaps I n 
l a n d i n g p o s i t i o n a t t h e d e s i g n flap s p e e d 
Vp r e s u l t i n g i n l i m i t l o a d f a c t o r s w i t h i n 
t h e r a n g e d e t e r m i n e d b y t h e f o l l o w i n g 
c o n d i t i o n s : 

( a ) M a n e u v e r i n g to a pos i t i ve l i m i t 
l o a d f a c t o r of 2.0. 

(b) P o s i t i v e a n d n e g a t i v e 15 fps n o m i 
n a l i n t e n s i t y gusts a c t i n g n o r m a l .to t h e 
f l i ght p a t h i n l e v e l flight, 

<c) I n d e s i g n i n g flaps a n d s u p p o r t i n g 
s t r u c t u r e o n t r a c t o r type a i r p l a n e s , s l i p 
s t r e a m effects s h a l l be t a k e n i n t o a c 
c o u n t a s specif ied i n § 4b,221, F o r o t h e r 
t h a n t r a c t o r type a i r p l a n e s a h e a d - o n 
gust of 25 feet p e r s e c o n d w i t h n o a l l e v i a 
t i o n s a c t i n g a l o n g t h e flight p a t h s h a l l be 
c o n s i d e r e d . 
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<d) When automatic flap operation Is 
provided, the airplane shall be designed 
for the speeds and the corresponding 
flap positions which the mechanism per
mits. (See S4D.323.) 

S 4b,213 Symmetrical flight condi
tions—(a) Procedure of analysis. In 
the analysis of symmetrical flight con
ditions at least those specified in para
graphs (b), (c), and (d) of this section 
shall be considered. The following pro
cedure of analysis shall be applicable: 

(1) A sufficient number of points on 
the maneuvering and gust envelopes 
shall be Investigated to insure that the 
maximum load for each part of the air
plane structure is obtained. It shall be 
acceptable to use a conservative com
bined envelope for this purpose. 

(2) All significant forces acting on the 
airplane shall be placed In equilibrium 
In a rational or a conservative manner. 
The linear inertia forces shall be con
sidered in equilibrium with wing and 
horizontal tail surface loads, while the 
angular (pitching) inertia forces shall 
be considered in equilibrium with wing 
and fuselage aerodynamic moments and 
horizontal tail surface loads. 

(3) Where sudden displacement of a 
control is specified, the assumed rate of 
displacement need not exceed that which 
actually could be applied by the pilot. 

( 4 ) In determining elevator angles and 
chordwise load distribution in the ma
neuvering conditions of paragraphs (b> 
and (c) of this section In turns and pull-
ups, account shall be taken of the effect 
of corresponding pitching velocities. 

(b) Maneuvering balanced conditions. 
The maneuvering conditions A through 
I on the maneuvering envelope (fig. 4b-
2 ) shall be investigated, assuming the 
airplane to be in equilibrium with zero 
pitching acceleration. 

(c) Maneuvering pitching conditions. 
The following conditions on figure 4b-2 
involving pitching acceleration shall be 
Investigated: 

(1) Ait Unchecked pull-up at speed 
VA. The airplane shall be assumed to be 
flying in steady level flight (point At on 
flg. 4b-2) and the pitching control sud
denly moved to obtain extreme positive 
pitching (nose up), except as limited by 
pilot effort, S 4.b.220 (a). 

(2) Ax, Checked maneuver at speed 
VA. fi) The airplane shall be assumed 
to be maneuvered to the positive maneu
vering load factor by a checked maneuver 
from an initial condition of steady 
ievel flight (point Al on flg. 4b-2). 
The Initial positive pitching portion of 
this maneuver may be considered to be 
covered by subparagraph (1) of this 
paragraph. 

(ii) A negative pitching acceleration 
toose down) al at least the following 
Value shall be assumed to be attained 
concurrently 'With the airplane maneu
vering load factor (point A, on fig. 
4b-2), unless it is shown that a lesser 
value could not be exceeded: 

30 

— y - n (n — 1.5) { rad ians / sec . ' ) 

where n is equal to the value of the posi
tive maneuvering load factor as defined 
by point A, on figure 4b-2. 

(S) X»j and D3 checked maneuver at 
VD. The airplane shall be assumed to be 
subjected to a checked maneuver from 
steady level flight (point Dx on fig. 4b-2) 
to the positive maneuvering load factor 
(point D 2 on fig. 4b~2) as follows: 

(O A positive pitching acceleration 
(nose up), equal to at least the following 
value, shall be assumed to be attained 
concurrently with the airplane load fac
tor of unity, unless it is shown that lesser 
values could not be exceeded: 

45 
( n — 1.5) ( r a d l a i i B / E e c . ' ) 

rD 
where n Is equal to the value of the posi
tive maneuvering load factor as defined 
by point D„ on figure 4b-2. 

(ii) A negative pitching acceleration 
(nose down) equal to at least the follow
ing value shall be assumed to be attained 
concurrently with the airplane positive 
maneuvering load factor (point Di on fig. 
4b-2), unless it is shown that lesser 
values could not be exceeded: 

so 
— n ( n — 1.5) ( rad ians /sec . 1 ) 

"o 
where n is equal to the value of the 
positive maneuvering load factor as de
fined by point D, on figure 4b-2. 

(d) Gust conditions. The gust con
ditions B' through J ' on figure 4b-3 
shall be investigated. The following pro
visions shall apply: 

(1) The air load increment due to a 
specified gust shall be added to the 
initial balancing tall load corresponding 
with steady level flight. 

(2) It shall be acceptable to Include 
the alleviating effect of wing down-wash 
and of the airplane's motion In response 
to the gust in computing the tail gust 
load increment. 

(3) la lieu of a rational Investigation 
of the airplane response it shall be ac
ceptable to apply the gust factor K (see 
S4b,211 (b)> to the specified gust in
tensity for the horizontal tall. 

S 4b.214 Rolling conditions. The air-
Plane shall be designed for rolling loads 
resulting from the conditions specified 
in paragraphs (a) and (b) of this sec
tion. Unbalanced aerodynamic moments 
about the center of gravity shall be re
acted In a rational or a conservative 
manner considering the principal masses 
furnishing the reacting inertia forces. 

(a) Maneuvering. The following con
ditions, aileron deflection, and speeds, 
except as the deflections may be limited 
by pilot effort (see § 4b.220 (a)), shall be 
considered in combination with an air
plane load factor of zero and of two-
thirds of the positive maneuvering factor 
used in the design of the airplane. In 
determining the required aileron deflec
tions, the torsional flexibility of the wing 
shall be taken into account in accord
ance with 5 4&.200 (d), 

(1) Conditions corresponding with 
steady rolling velocity shall be investi
gated. In addition, conditions corre
sponding with maximum angular 
acceleration shall be Investigated for air
planes having engines or other weight 
concentrations outboard of the fuselage. 
For the angular acceleration conditions, 
it shall be acceptable to assume zero 
rolling velocity in the absence of a ra

tional time history investigation of the 
maneuver. 

(2) At speed VA a sudden deflection ot 
the aileron to the stop shall be assumed. 

(3) At speed V„ the aileron deflection 
shall be that required to produce a rate 
of roll not less than that obtained in con
dition (2) of this paragraph. 

(4) At speed VD the aileron deflection 
shall be that required to produce a rate 
of roll not less than one-third of that 
in condition (2) of this paragraph. 

(b) Vnsymmetrical gusts. The con
dition of unsymmetrical gusts shall be 
considered by modifying the symmetrical 
flight conditions B' or C of figure 4b-3, 
whichever produces the greater load fac
tor. It shall be assumed that 100 per
cent of the wing air load acts on one side 
of the airplane, and 80 percent acts on 
the other side. 

5 4b.215 Yawing conditions. The air
plane shall be designed for loads result
ing from the conditions specified in 
paragraphs (a) and (b) of this section. 
Unbalanced aerodynamic moments about 
the center of gravity shall be reacted In 
a rational or a conservative manner con
sidering the principal masses furnishing 
the reacting inertia forces. 

(a) Maneuvering. At all speeds from 
Vac to VA the following maneuvers shall 
be considered. In computing the tail 
loads it shall be acceptable to assume the 
yawing velocity to be zero. 

(1) With the airplane in unacceler-
ated flight at zero yaw, it shall be 
assumed that the rudder control is 
suddenly displaced to the maximum de
flection as limited by the control stops 
or by a 300 lb. rudder pedal force, which
ever is critical. 

(2) With the rudder deflected as speci
fied In subparagraph (1) of this para
graph it shall be assumed that the 
airplane yaws to the resulting sideslip 
angle. 

(3) With the airplane yawed to the 
static sideslip angle corresponding with 
the rudder deflection specified in sub
paragraph (1) of this paragraph, It shall 
be assumed that the rudder is returned 
to neutral. 

(b> Lateral gusts. The airplane shall 
be assumed to encounter gusts of 30 
f. p. s. nominal Intensity normal to the 
plane of symmetry while in unacceler-
ated flight at speed In the absence 
of a rational investigation of the air
plane's response to a true gust, it shall be 
acceptable to compute the gust loading 
on the vertical tail surfaces by the fol
lowing formula: 

where: 
W = average l i m i t u n i t pressure ( p . a. f . ) , 

4.6 
£=1.33— x ; except that ft saall not 

be I ecu t h a n 1.0. A va lue o t I f 
obtained by rational determination 
B b t d l be acceptable. 

17= nominal gust Intensity (f. p. a.), 
V c= design cruising speed (m. p. h.), 

o=«lope ot lift curve of the vertical 
surface cL per radian corrected tor 
aspect ratio, 

ITsdeslgn take-off welgnt (lb.). 
8r= vertical surface area (gq. ft.). 
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i 4b.216 Supplementary flight condi
tions—(a) Engine torque effects. En
gine mounts and their supporting 
structures shall be designed for engine 
torque effects combined with basic flight 
conditions as described la subparagraphs 
(1) and (2) of this paragraph. The, 
limit torque shall be obtained by multi
plying the mean torque by a factor of 1,33 
In the case of engines having 5 or more 
cylinders. Per 4, 3, and 2-cylindcr en
gines, the factors -shall be 2, 3, and 4, 
respectively. .— ~ 

(1) The limit torque corresponding 
with take-off power and propeller speed 
shall act simultaneously with 75 percent 
of the limit loads from flight condition A 
(See fig. 4b-2). 

<2) The limit torque corresponding 
with maximum continuous power and 
propeller speed shall act simultaneously 
with the limit loads from flight condition 
A (see fig. 40-2). 

(b) Side load on engine mount. The 
limit load factor in a lateral direction 
for this condition shall be equal to the 
maximum obtained in the yawing condi
tions, but shall not be less than either 
1,33 or one-third the limit load factor for 
flight condition A (see fig. 4b-2>. En
gine mounts and their supporting struc
ture shall be designed for this condition 
which may be assumed independent of 
other flight conditions. 

(c) Pressurized cabin loads. When 
pressurized compartments are provided 
for the occupants of the airplane, the 
following requirements shall be met. 
(Bee § 4b.373.) 

(1) The airplane structure shall have 
sufficient strength to withstand the flight 
loads combined with pressure differen
tial loads from zero up to the maximum 
relief valve setting. Account shall be 
.taken of the external pressure distribu
tion in flight. 

(2) If landings are to be permitted 
with the cabin pressurized, landing loads 
shall be combined with pressure differen
tial loads from zero up to the maximum 
to be permitted during landing. 

<3) The airplane structure shall have 
sufficient strength to withstand the pres
sure differential loads corresponding 
with the maximum relief valve setting 
multiplied by a factor of 1.33 to provide 
for such effects as fatigue and stress 
concentration. It shall be acceptable to 
omit all other loads in this case. 

(4) Where a pressurized cabin Is sepa
rated into two or more compartments 
by bulkheads or floor, the primary struc
ture shall be designed for the effects of 
sudden release of pressure in arty com
partment having external doors or win
dows. This condition shall be investi
gated for the effects resulting from the 
failure of the largest opening in a com
partment. Where intercompartment 
venting Is provided, it shall be acceptable 
to take Into account the effects of such 
venting. 

CONTROL STTHTAC* AND S Y S T E M LOADS 
} 4b.220 Control surface loads; gen

eral. The control surfaces shall be de
signed for the limit loads resulting from 
the flight conditions prescribed in 
S5 4b.213 through 4b.215 and the ground 
gust conditions prescribed in 5 4b.226, 

taking Into account the provisions of 
paragraphs (a) through (e) of this sec
tion. 

(a) Effect ot pilot effort, (1) In the 
control surface flight loading conditions 
the air loads on the movable surfaces 
and the corresponding deflections need 
not exceed those which could be obtained 
In flight by employing tne maximum 
pilot control forces specified in fig. 4t>-5, 
except that two-thirds of the maximum 
values specified for the aileron and ele
vator shall be acceptable when control 
surface hinge moments are based on re
liable data. In applying this criterion, 
proper consideration shall be given to 
the effects of servo mechanisms, tabs, 
and automatic pilot systems in assisting 
the pilot. 

(b> Effect of trim tabs. The effect of 
trim tabs on the main control surface 
design conditions need be taken Into ac
count only in cases where the surface 
loads are limited by pilot effort in accord
ance with the provisions of paragraph 
(a) of this section. In such cases the 
trim tabs shall be considered to be de
flected In the direction which would as
sist the pilot, and the deflection shall be 
as follows: 

(1) For elevator trim tabs the de
flections Shall be those required to trim 
the airplane at any point within the 
positive portion of the V-n diagram 
(fig. 4b-2), except as limited by the 
stops. 

(2) For aileron and rudder trim tabs 
the deflections shall be those required 
to trim the airplane in the critical un
symmetrical power and loading condi
tions, with appropriate allowance for 
rigging tolerances. 

(C) Unsymmetrical loads. Horizontal 
tail surfaces and the supporting struc
ture shall be designed for unsymmetrical 
loads arising from' yawing and slip
stream effects in combination with the 
prescribed flight conditions. 

NOTE: I n the absence of more rat ional 
data , the following assumptions may he 
made for airplanes w h i c h are conventional 
I n regard to location of propeUers, wings, 
t a i l surfaces, and fuselage shape: 100 per
cent of the m a x i m u m loading from the 
symmetrical flight conditions act ing on the 
surface on one side of the plane of symmetry 
and 80 percent of this loading on the other 
side. Where the design is not conventional 
(e. g., where the horizontal ta l l surfaces have 
appreciable dihedral Or are supported by 
the vertical ta l l surfaces) , the surfaces and 
supporting structures may he designed tor 
combined vertical and horizontal surface 
loads result ing f r o m the prescribed 
maneuvers . 

(d) Outboard fins. (1) When out
board fins are carried on the horizontal 
tail surface, the tail surfaces shall be 
designed for the maximum horizontal 
surface load In combination with the 
corresponding loads induced on the ver
tical surfaces by end plate effects. Such 
induced effects need not be combined 
with other vertical surface loads. 

(2) To provide for unsymmetrical 
loading when outboard fins extend above 
and below the horizontal surface, the 
critical vertical surface loading (load per 
unit area) as determined by the provi
sions of this section shall also be applied 
as follows: 

U) 100 percent to the area of the ver
tical surfaces above (or below) the hor
izontal surface, and 

(ii) 80 percent to the area below (or 
above) the horizontal surface. 

(e) Loads parallel to hinge line. Con
trol surfaces and supporting hinge 
brackets shall be designed for inertia 
loads acting parallel to the hinge line. 

NOTE: I n l i eu o f a more rat ional analysis 
the inert ia loads may be assumed t o be 
equal to K I P , where: 

K = 24 for vertical surfaces, 
K —12 for horizontal surfaces, 

W = w e i g h t of the movable surfaces. 

5 4b.221 Wing flaps, (a) Wing flaps, 
their operating mechanism, and sup
porting structure shall be designed for 
critical loads prescribed by S 4b.212 with 
the flaps extended to any position from 
fully retracted to the landing position. 

(b> The effects of propeller slipstream 
corresponding with take-off power shall 
be taken Into account at an airplane 
speed of not less than 1.4 P#,, where V«, 
is the stalling speed with flaps as follows: 
(For automatic flaps see S 4b.2l2 (d).> 

(1) Landing and approach settings at 
the design landing weight. 

(2) Take-off and en route settings at 
the design take-off weight. 

(c) It shall be acceptable to assume 
the airplane load factor to be equal to 
1.0 for Investigating the slipstream con
dition. 

5 4b.222 Tobs. The following shall 
apply to tabs and their installations: 

(a) Trimming* tabs. Trimming tabs 
shall be designed to withstand loads 
arising from all likely combinations of 
tab setting, primary control position, 
and airplane speed, obtainable without 
exceeding the flight load conditions pre
scribed for the airplane as a whole, when 
the effect of the tab is being opposed by 
pilot effort loads up to those specified in 
5 4b.220 (a). 

(b) Balancing tabs. Balancing tabs 
shall be designed for deflections con
sistent with the primary control surface 
loading conditions. 

(c) Servo tabs. Servo tabs shall be 
designed for all deflections consistent 
with the primary control surface loading 
conditions achievable within the pilot 
maneuvering effort (see 8 4b,220 (a)) 
with due regard to possible opposition 
from the trim tabs. 

S 4b.223 Special devices. The load
ing for special devices employing aerody
namic surfaces, such as slots and spoilers, 
shall be based on test data. 

$ 4b.224 Primary flight control sys
tems. Elevator, aileron, and rudder 
control systems and their supporting 
Structures shall be designed for loads cor
responding with 125 percent of the com
puted hinge moments of the movable 
control surface in the conditions pre
scribed in S 4b.220, subject to the follow
ing provisions: 

(a) The system limit loads, except the 
loads resulting from ground gusts 
(5 4b.226). need not exceed those which 
can be produced by the pilot or pilots and 
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by automatic devices operating the con
trols. Acceptable majcimum and mini
mum pilot loads for elevator, aileron, and 
rudder controls are shown In figure 4b-5. 
These pilot loads snail be assumed to act 
at the appropriate control grips or pads 
In a manner simulating flight condi
tions and to be reacted at the attach
ment of the control system to the control 
surface born. 

(b) The loads shall In any case be 
sufficient to provide a rugged system for 
service use, including considerations of 
Jamming; ground gusts, taxying' tall to 
wind, control inertia, and friction. 

I 4b.225 Dual primary flight control 
systems. <a) When dual controls are 
provided, the system shall be designed 
for the pilots operating In opposition, 
using individual pilot loads equal to 75 
percent of those obtained in accordance 
with $ 4b,224, except that the individual 
pilot loads shall not be less than the 
rqinirmim loads specified In figure 4b-5. 

(b) The control system shall be de
signed for the pilots acting in conjunc
tion, using Individual pilot loads equal 
to 75 percent of those obtained in ac
cordance with § 4D.224. 

S 4b.226 Ground oust conditions. 
The following conditions Intended to 
simulate the loadings on control surfaces 
due to ground gusts and when taxying 
downwind shall be investigated: 

(a) The loads in the systems between 
the stops nearest the surfaces and the 
cockpit controls need not exceed those 
corresponding with the maxima of figure 
4b-5 for each pilot alone, or with 75 
percent of these maxima for each pilot 
when the pilots act in conjunction. 

(b) The control system stops nearest 
the surfaces, the control system locks, 
and the portions of the systems, if any, 
between such stops and locks and the 
control surface horns shall be designed 
for limit binge moments H obtained from 
the following formula: 

H=KcSq, 
Where : 

B=limit h i n g e m o m e n t ( f t . l b s . ) , 
e = m e a n c h o r d o f t h e c o n t r o l surface art 

o f t h e h i n g e l i n e ( f t . ) , 
S = a r e a o f t h e c o n t r o l surface a f t of t h e 

h i n g e l i n e (sq. f t . ) , 
g=dynamic pressure (p. s. t.) bassd on 

a des ign speed n o t less t h a n 
lOyWZS+lO ( m . p . h . ) , except t h a t 
t h e des ign speed need n o t exceed 
60 m . p . h . , 

K=factor as specified I n f igure 4b—1. 

5 4b.227 Secondary control systems. 
Secondary controls, such as wheel brake, 
spoiler, and tab' controls, shall be de
signed for the loads based on the maxi
mum which a pilot Is likely to apply to 
the control in question. The values of 
figure 4b-6 are considered acceptable. 

\ Control L imi t pilot toads £ 

& * — 
Miscellaneous: 'Crank 

wheel or lever. 

Twist 

X M lbs , but not less than 
* 60 lbs. nor more than 

160 lbs. (R-radhu) . 
(Applicable to any angle with.. 

ln 20" of plane of control.) 
133 In. lbs. 
To be chosen by applicant. 

X M lbs , but not less than 
* 60 lbs. nor more than 

160 lbs. (R-radhu) . 
(Applicable to any angle with.. 

ln 20" of plane of control.) 
133 In. lbs. 
To be chosen by applicant. 

X M lbs , but not less than 
* 60 lbs. nor more than 

160 lbs. (R-radhu) . 
(Applicable to any angle with.. 

ln 20" of plane of control.) 
133 In. lbs. 
To be chosen by applicant. 

Surface K Position oi controls 

(a) A H&rOit »„ 

•±0.60 
*±0. TB 

0.76 

Control column locked or 
lashed in mid-position. 

Ailerons at fall throw, 
f(c) Elevator full down, 
l id) Elevator full up. 
f(e) Rudder in neutral. 
1(f) Snddsr at lu l l throw. 

5$}Elera£or... . 

g^Rudder . . 

•±0.60 
*±0. TB 

0.76 

Control column locked or 
lashed in mid-position. 

Ailerons at fall throw, 
f(c) Elevator full down, 
l id) Elevator full up. 
f(e) Rudder in neutral. 
1(f) Snddsr at lu l l throw. 

•A positive value of X indicates a moment tending to 
depress the surface, while s negative value of K indicates 
a moment tending to raise tbs surface, 

F l o u M 4b-t—Limit binge moment (actor for 
ground gusts. 

[Limi t pilot loads (one pilot)) 

Control Maximum load Minimum 
load 

Aileron: 
Stick 100 lbs 40 lbs. 

40 D la. lbs. 
100 lbs. 
100 lb t . 
130 l b l . 

w h i * r 
£Jera tor ; 

Stick 

B0 D In, l b s . " 

250 lbs 

40 lbs. 
40 D la. lbs. 
100 lbs. 
100 lb t . 
130 l b l . 

Wheel 300 lbs 

40 lbs. 
40 D la. lbs. 
100 lbs. 
100 lb t . 
130 l b l . Rudder - . 300 lbs 

40 lbs. 
40 D la. lbs. 
100 lbs. 
100 lb t . 
130 l b l . 

40 lbs. 
40 D la. lbs. 
100 lbs. 
100 lb t . 
130 l b l . 

•The critical portions of the aileron control system shall 
be designed lot a single tangential force having a l imi t 
value equal to 1.26 times the couple force determined from 
these criteria. 

•*D»wheel diameter. 
F i a u H i 4b-6—Pilot control force limits (primary 

controls). 

•Limited to flap, tab, stabiliser, spoiler, arid landing 
(ear opersttag controls. 

F l o r a l 4b-6—Pilot control force l imits (secondary' 
controls), 

GHOTTHD LOADS 
} 4b.230 General. The limit loads ob

tained in the conditions specified In 
S§4b.231 through 4b.236 shall be con
sidered as external forces applied to the 
airplane structure and shall be placed In 
equilibrium by linear and angular inertia 
forces in a rational or conservative man
ner. In applying the specified conditions 
the provisions of paragraph (a) of this 
section shall be complied with. In addi
tion, for the landing conditions of {{ 4b. 
231 through 4b,234 the airplane shall be 
assumed to be subjected to forces and 
descent velocities prescribed in para
graph (b) of this section. (The basic 
landing gear dimensional data are given 
in figure 4b-7.) 

(a) Center of gravity positions. The 
critical center of gravity positions within 
the certification limits shall be selected 
so that the maximum design loads in 
each of the landing gear elements are 
obtained in the landing and the ground 
handling conditions. 

(b) Load factors, descent velocities, 
and design weights for landing condi
tions. (1) In the landing conditions the 
limit vertical inertia load factors at the 
center of gravity of the airplane shall be 
chosen by the applicant, except that they 
shall not be less than the values whfah 
would be obtained when landing the air
plane with the following limit descent 
velocities and weights: 

Tail wheel type. 

1 1 n i 1 

T . 

Hose wheel type. 
FIGURE 4t>-7—Basic landing gear dimension data. 

1. A B B 
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(1) 10 f. p. s. a t t h e d e s i g n l a n d i n g 
w e i g h t , a n d 

( i i ) G f. p . s. a t t h e d e s i g n take -o f f 
we ight , 

( 2 ) I t s h a l l be a c c e p t a b l e to a s s u m e 
a w i n g l i f t n o t e x c e e d i n g t w o - t h i r d s o f 
t h e a i r p l a n e w e i g h t to ex i s t t h r o u g h o u t 
t h e l a n d i n g i m p a c t a n d to a c t t h r o u g h 
t h e c e n t e r of g r a v i t y of t h e a i r p l a n e . 

(3) T h e p r o v i s i o n s of s u b p a r a g r a p h s 
<1> a n d ( 3 ) o f t h i s p a r a g r a p h s h a l l be 
p r e d i c a t e d o n c o n v e n t i o n a l a r r a n g e 
m e n t s of m a i n a n d nose g e a r s , or m a i n 
a n d t a i l g e a r s , a n d o n n o r m a l o p e r a t i n g 
t e c h n i q u e s . I t s h a l l be a c c e p t a b l e to 
m o d i f y t h e p r e s c r i b e d d e s c e n t ve loc i t i e s 
i f i t I s s h o w n t h a t t h e a i r p l a n e e m b o d i e s 
f e a t u r e s o f des ign w h i c h m a k e i t i m p o s 
s ib le to deve lop t h e s e ve loc i t ies . ( S e e 
14b.332 ( a ) f o r r e q u i r e m e n t s o n e n e r g y 
a b s o r p t i o n test3 w h i c h d e t e r m i n e t h e 
m i n i m u m l i m i t I n e r t i a l o a d f a c t o r s c o r 
r e s p o n d i n g w i t h t h e r e q u i r e d l i m i t d e 
s c e n t ve loc i t i e s . ) 

§ 4b,231 Level landing conditions— 
( a ) General. I n t h e l eve l a t t i t u d e t h e 
a i r p l a n e s h a l l be a s s u m e d to c o n t a c t t h e 
g r o u n d a t a f o r w a r d ve loc i ty c o m p o n e n t 
p a r a l l e l to t h e g r o u n d e q u a l to 1.2 V > 0 

a n d s h a l l be a s s u m e d to be s u b j e c t e d t o 
t h e l o a d f a c t o r s p r e s c r i b e d i n i 4b.230 
(b ) ( 1 ) . T h e fo l lowing t h r e e c o m b i n a 
t i o n s of v e r t i c a l a n d d r a g c o m p o n e n t s 
Shall be c o n s i d e r e d a c t i n g a t t h e a x l e 
c e n t e r l i n e : 

( 1 ) C o n d i t i o n of maximum wheel spin-
up load. D r a g c o m p o n e n t s s i m u l a t i n g 
t h e f o r c e s r e q u i r e d to a c c e l e r a t e t h e 
w h e e l r o l l i n g a s s e m b l y u p to t h e s p e c 
i f ied g r o u n d s p e e d s h a l l be c o m b i n e d 
w i t h t h e v e r t i c a l g r o u n d r e a c t i o n s e x i s t 
i n g a t t h e i n s t a n t of p e a k d r a g loads . A 
coeff icient of f r i c t i o n b e t w e e n t h e t i r e s 
a n d g r o u n d n e e d n o t h e a s s u m e d to be 

g r e a t e r t h a n 0.8. I t s h a l l be a c c e p t a b l e 
t o a p p l y t h i s c o n d i t i o n o n l y to t h e l a n d 
i n g g e a r a n d t h e d i r e c t l y a f fec ted a t 
t a c h i n g s t r u c t u r e . 

(2) Condition of maximum wheel ver
tical load. A n a f t a c t i n g d r a g c o m p o 
n e n t n o t less t h a n 25 p e r c e n t o f t h e 
m a x i m u m v e r t i c a l g r o u n d r e a c t i o n s h a l l 
be c o m b i n e d w i t h t h e m a x i m u m g r o u n d 
r e a c t i o n of S 4b,230 ( b ) . 

(3> Condition of maximum, spring-
back load. F o r w a r d - a c t i n g h o r i z o n t a l 
l o a d s r e s u l t i n g f r o m a r a p i d r e d u c t i o n of 
t h e s p i n - u p d r a g l o a d s s h a l l be c o m b i n e d 
w i t h t h e v e r t i c a l g r o u n d r e a c t i o n s a t t h e 
I n s t a n t of t h e p e a k f o r w a r d load . I t 
s h a l l be a c c e p t a b l e t o a p p l y t h i s c o n d i 
t i o n o n l y to t h e l a n d i n g g e a r a n d t h e 
d i r e c t l y af fected s t r u c t u r e . 

( b ) Level landing; tail-wheel type. 
T h e a i r p l a n e h o r i z o n t a l r e f e r e n c e l i n e 
s h a l l be a s s u m e d to be h o r i z o n t a l . T h e 
c o n d i t i o n s speci f ied I n p a r a g r a p h ( a ) 
of t h i s s e c t i o n s h a l l be i n v e s t i g a t e d 
( S e e fig. 4 b - 8 J 

( c ) Level landing: nose-wheel type. 
T h e fo l lowing a i r p l a n e a t t i t u d e s s h a l l be 
c o n s i d e r e d : ( S e e fig, 4b-8.> 

(1 ) M a i n w h e e l s s h a l l be a s s u m e d t o 
c o n t a c t the g r o u n d w i t h the nose w h e e l 
j u s t c l e a r of t h e g r o u n d . T h e c o n d i t i o n s 
speci f ied i n p a r a g r a p h ( a ) of t h i s s e c 
t i o n s h a l l be i n v e s t i g a t e d . 

( 2 ) Nose a n d m a i n w h e e l s s h a l l be 
a s s u m e d to c o n t a c t t h e g r o u n d s i m u l 
t a n e o u s l y . C o n d i t i o n s i n t h i s a t t i t u d e 
n e e d n o t be i n v e s t i g a t e d i f t h i s a t t i t u d e 
c a n n o t r e a s o n a b l y be a t t a i n e d a t t h e 
spec i f i ed d e s c e n t a n d f o r w a r d ve loc i t i e s . 
T h e c o n d i t i o n s speci f ied i n p a r a g r a p h 
( a ) of t h i s s e c t i o n s h a l l be i n v e s t i g a t e d , 
e x c e p t t h a t i n c o n d i t i o n s ( a ) (1 ) a n d ( a ) 
(3) i t s h a l l be a c c e p t a b l e to i n v e s t i g a t e 
the nose a n d m a i n gear s e p a r a t e l y n e g 

l e c t i n g t h e p i t c h i n g m o m e n t s due t o 
w h e e l s p i n - u p a n d s p r i n g - b a c k loads , 
w h i l e i n c o n d i t i o n ( a ) ( 2 ) t h e p i t c h i n g 
m o m e n t s h a l l be a s s u m e d to be r e s i s t 
e d by t h e nose gear . 

J 40.232 Tail-down landing condi
tions. T h e fo l lowing c o n d i t i o n s s h a l l b e 
I n v e s t i g a t e d f o r t h e l o a d f a c t o r s o b 
t a i n e d i n § 4b.230 (b ) ( 1 ) w i t h t h e v e r t i 
c a l g r o u n d r e a c t i o n s a p p l i e d t o t h e 
l a n d i n g g e a r a x l e s . 

( a ) Tail-wheel type. T h e m a i n a n d 
t a i l w h e e l s s h a l l be a s s u m e d to c o n t a c t 
t h e g r o u n d s i m u l t a n e o u s l y . ( S e e flg. 
4 b - 9 ) . T w o c o n d i t i o n s of g r o u n d r e a c 
t i o n o n t h e t a i l w h e e l s h a l l be a s s u m e d 
to a c t i n t h e f o l l o w i n g d i r e c t i o n s : 

( 1 ) V e r t i c a l , 
( 2 ) U p a n d a f t t h r o u g h t h e a x l e a t 

4 5 ° to the g r o u n d l i n e . 
( b ) Nose-wheel type. T h e a i r p l a n e 

s h a l l be a s s u m e d to be a t a n a t t i t u d e c o r 
r e s p o n d i n g w i t h e i t h e r t h e s t a l l i n g a n g l e 
o r t h e m a x i m u m a n g l e p e r m i t t i n g c l e a r 
a n c e w i t h t h e g r o u n d b y a l l p a r t s o f t h e 
a i r p l a n e o t h e r t h a n t h e m a i n w h e e l s , 
w h i c h e v e r i s t h e l e sser . ( S e e fig. 4 b - 9 . ) 

J 4b.233 One-toftee l landing condi
tion. T h e m a i n l a n d i n g g e a r o n one s ide 
of t h e a i r p l a n e c e n t e r l i n e s h a l l b e a s 
s u m e d to c o n t a c t t h e g r o u n d I n t h e l e v e l 
a t t i t u d e . ( S e e fig. 4b-10.) T h e g r o u n d 
r e a c t i o n s o n t h i s s i d e s h a l l b e t h e s a m e 
a s t h o s e o b t a i n e d i n 5 4b.231 ( a ) <2) . 
T h e u n b a l a n c e d e x t e r n a l l o a d s s h a l l be 
r e a c t e d b y I n e r t i a of t h e a i r p l a n e I n a 
r a t i o n a l or c o n s e r v a t i v e m a n n e r . 

§ 4b .234 Lateral drift landing condi
tion, ( a ) T h e a i r p l a n e s h a l l be a s s u m e d 
t o be i n t h e l eve l a t t i t u d e w i t h o n l y t h e 
m a i n w h e e l s c o n t a c t i n g t h e g r o u n d . 
( S e e f ig. 4 b - l l . ) 

T A I L WHEEL T Y P E 

W (TOTAL) 

I * ANGULAR INERTIA FORCE 
NECESSARY FOR EQUIUMUM. 

T'FORWUtt COMMMCNT OF 
INERTIA FOUC. 

FfGtnu: 4b-8—Level l a n d i n g . 

'v.. 'v. 

NOSE WHEEL TYPE 

%>,W (TOTAL) 

A •AWLC Ton MAIN SEAR AND TAIL ST«UGTUft£ 
v CONTACTING WOUND EXCEPT HEED NOT 

EXCEED STALL AMflLE, 

T A I L W H E E L T Y P E 
F I G U R E 41> B — T a l l down land ing . 

NOSE WHEEL TYPE 
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(b) Side loads of 0.8 of the vertical 
reaction (on one side) acting inward 
and 0.6 of the vertical reaction (on the 
other side) acting outward shall be com
bined with one-half of the maximum 
vertical ground reactions obtained in the 
level landing conditions. These loads 
shall be assumed to be applied at the 
ground contact point and to be resisted 
by the inertia of the airplane. It shall 
be acceptable to assume the drag loads 
to be zero. 

J 4b.235 Ground handling conditions. 
The landing gear and airplane structure 
shall be investigated for the conditions 
of this section with the airplane at the 
design take-off weight, unless otherwise 
prescribed. No wing lift shall be consid
ered. It shall be acceptable to assume 
the shock absorbers and tires to be de
flected to their static position. 

(a) Take-off run. The landing gear 
and the airplane structure shall be as
sumed to be subjected to loads not less 
than those encountered under conditions 
described in ! 4b.l72. 

(b) Braked roll—(I) Tail-wheel type. 
The airplane shall be assumed to be in 
the level attitude with all load on the 
main wheels. The limit vertical load 
factor shall be 1.2 for the airplane at the 
design landing weight, and 1.0 for the 
airplane at the design take-off weight. 
A drag reaction equal to the vertical re
action multiplied by a coefficient of fric
tion of 0.8 shall be combined with the 
vertical ground reaction and applied at 
the ground contact point. (See fig. 
4b-12.) 

( 2 ) Nose-wheel type. The limit 
vertical load factor shall be 1.2 for the 
airplane at the design landing weight, 
and 1.0 for the airplane at the design 
take-off weight. A drag reaction equal 
to the vertical reaction multiplied by a 
coefficient of friction of 0.8 shall be com
bined with the vertical reaction and 
applied at the ground contact point of 
each wheel having brakes. The following 
two airplane attitudes shall be consid
ered: (See fig. 4b-12.) 

(i) The airplane shall be assumed to 
be in the level attitude with all wheels 
contacting the ground and the loads dis
tributed between the main and nose 
gear. Zero pitching acceleration shall be 
assumed. 

(11) The airplane shall be assumed to 
be in the level attitude with only the 
main gear contacting the ground and 
the pitching moment resisted by angular 
acceleration. 

(c> Turning. The airplane in the 
Static position shall be assumed to exe
cute a steady turn by nose gear steering 
or by application of differential power 
such that the limit load factors applied 
at the center of gravity are 1.0 vertically 
and 0.5 laterally. (See fig. 4b-13.) The 
side ground reaction of each wheel shall 
be 0.5 of the vertical reaction. 

(d) Pivoting. The airplane shall be 
assumed to pivot about one side of the 
main gear, the brakes on that side being 
locked. The limit vertical load factor 
shall be 1.0 and the coefficient of friction 
0.8. The airplane shall be assumed to 
be in static equilibrium, the loads being 

T H E AIRPLANE INERTIA LOADS REQUIRED 
0 BALANCE THE EXTERNAL FORCES 

SINGLE WHEEL LOAD 

FROM 2 WHEEL L E V E L 

LANDING CONDITION. 

NOSE Oft T A I L W H E E L T Y P E 

F I O U E I 4 b - 1 0 — O n e whee l l a n d i n g . 

Vj,.0.25fi»rO.67) w 

*HOSE GEAR GROUND REACTION *0 

NOSE OR TAIL W H E E L T Y P E A I R P L A N E I N L E V E L A L T I T U D E 

W T O J I 4 b - l l — L a t e r a l d r i f t l a n d i n g . 

applied at the ground contact points. 
(See fig. 4b-14.) 

(e) Nose-wheel yawing. (1) A verti
cal load factor of 1.0 at the airplane cen
ter of gravity and a side component at 
the nose wheel ground contact equal to 
0.8 of the vertical ground reaction at 
that point shall be assumed. 

<2> The airplane shall be assumed to 
be in static equilibrium with the loads 
resulting from the application of the 
brakes on one side of the main gear. The 
vertical load factor at the center of grav
ity shall be 1.0. The forward acting load 
at the airplane center of gravity shall bo 
0.8 times the vertical load on one main 
gear. The side and vertical loads at the 
ground contact point on the nose gear 
sljall be those required for static equilib
rium. The side load factor at the air
plane center of gravity shall be assumed 
to be zero. 

(f) Tail-wheel yawing. (1) A verti
cal ground reaction equal to the static 
load on the tail wheel in combination 
with a side component of equal magni
tude shall be assumed. 

(2) When a swivel is provided, the 
tail wheel shall be assumed to be swiveled 
90° to the airplane longitudinal axis 
with the resultant load passing through 
the axle. When a lock, steering device, 
or shimmy damper is provided, the tail 
wheel shall also be assumed to be in the 
trailing position with the side load act
ing at the ground contact point. 

} 4b.238 Unsymmetricat loads on 
dual-wheel units. In dual-wheel units 
60 percent of the total ground reaction 
for the unit shall be applied to one wheel 
and 40 percent to the other. To provide 
for the case of one flat tire, 60 percent 
of the load which would be assigned to 
the unit in the specified conditions shall 
be applied to either wheel, except that 
the vertical ground reaction shall not 
be less than the full static value, 

WATER LOADS 

5 4b.250 General. The structure of 
hull and float type seaplanes shall be 
designed for water loads developed dur
ing take-off and landing with the sea
plane in any attitude likely to occur in 
normal operation at appropriate forward 
and sinking velocities under the most 
severe sea conditions likely to be encoun
tered. Unless a more rational analysis 
of the water loads is performed, the re
quirements of i|4b,251 through 4b.258 
shall apply. 

I 4b.251 Design weights and center of 
gravity positions—(a) Design weights. 
The water load requirements shall be 
complied with at all operating weights 
up to the design landing weight except 
that for the take-off condition prescribed 
in I 4b. 255 the design take-off weight 
shall be used. 

(b) Center of gravity positions. The 
critical center of gravity positions within 
the limits for which certification is 
sought shall be considered to obtain 
maximum design loads for each part of 
the seaplane structure. 

5 4b.252 Application of loads, (a) 
The seaplane as a whole shall be as
sumed to be subjected to the loads corre
sponding with the load factors specified 
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I n § 4 b , 2 5 3 , e x c e p t a s o t h e r w i s e p r e 
s c r i b e d . I n a p p l y i n g t h e l o a d s r e s u l t i n g 
f r o m t h e l o a d f a c t o r s p r e s c r i b e d i n 
£ 4b.253, i t s h a l l be p e r m i s s i b l e to d i s 
t r i b u t e t h e l o a d s over t h e h u l l b o t t o m 
i n o r d e r t o a v o i d excess ive l o c a l s h e a r 
l o a d s a n d b e n d i n g m o m e n t s a t t h e l o 
c a t i o n of w a t e r l o a d a p p l i c a t i o n , u s i n g 
p r e s s u r e s n o t l e s s t h a n those p r e s c r i b e d 
i n 8 40.256 <b>. 

<b) F o r t w i n f loat s e a p l a n e s , e a c h 
float s h a l l be t r e a t e d a s a n e q u i v a l e n t 
h u l l o n a f i c t i t ious s e a p l a n e h a v i n g a 
w e i g h t e q u a l to o n e - h a l f t h e w e i g h t of 
t h e t w i n float s e a p l a n e . 

Cc) E x c e p t i n t h e take -o f f c o n d i t i o n 
of 5 4b.255, t h e a e r o d y n a m i c l i f t o n t h e 
s e a p l a n e d u r i n g t h e i m p a c t s h a l l be a s 
s u m e d to b e % of t h e w e i g h t of t h e 
s e a p l a n e . 

i 4b.253 Hull and main float load fac
tors. W a t e r r e a c t i o n l o a d f a c t o r s s h a l l 
be c o m p u t e d a s f o l l o w s : 

F o r the step landing case: 

nv=- L ^ 2 ; 

Tor the bow and stern landing cases; 

C V.1 v 
w ~ tmaV3^WW ^- ( l + T V j 1 ) V 3 * 

Where: 
n t r = w a t e r reaction load factor (water r e 

action divided by the seaplane weight) ; 
C I = e m p l r l c a l seaplane operations factor 

equal to 0.009, except that this factor sha l l 
not be less t h a n tha t necessary to obtain 
the m i n i m u m value of step load factor ot 
3.33; 

V I o = s e a p ! a n e stal l ing speed (mph) w i t h 
landtag flaps ex tended ' In the appropriate 
posit ion and w i t h no s l ipstream effect; 

/3=angle-of dead rise at the longitudinal 
stat ion a t w h i c h the load factor Is being de
termined (see fig. 4b-15a); 

W = s e a p l a n e design landing weight I n 
pounds; 

empirical h u l l station weighing f a c 
tor. (See fig. 4b-16b.) For a tw in float 
seaplane, in recognition of the effect of flexi
bi l i ty of the at tachment of the floats to the 
seaplane, It shal l be acceptable to reduce the 
factor KL at the bow a n d stern to 0.8 of the 
value shown i n figure 4b-15b. T h i s reduc
t ion sha l l not apply to the float design but 
only to the design of the carry-through a n d 
seaplane structure; 

TX=ratio of distance, measured parallel to 
h u l l reference axis, from the center of gravity 
of the seaplane to the h u l l longitudinal 
s tat ion a t w h i c h the load factor is being 
computed to the radius of gyration i n p i t c h 
of the seaplane, the hu l l reference axis be
ing a straight l ine, i n the plane of s y m 
metry, tangential to the keel at the m a i n 
step. 

8 4b.254 Hull and main float landing 
Conditions—(a) Symmetrical step land-
ing. T h e l i m i t w a t e r r e a c t i o n l o a d f a c 
t o r s h a l l be i n a c c o r d a n c e w i t h § 4b.253. 
T h e r e s u l t a n t w a t e r l o a d s h a l l be a p p l i e d 
a t t h e k e e l t h r o u g h t h e c e n t e r of g r a v i t y 
p e r p e n d i c u l a r l y t o t h e k e e l l i n e . 

( b ) Symmetrical bow landing. T h e 
l i m i t w a t e r r e a c t i o n l o a d f a c t o r s h a l l be 
in a c c o r d a n c e w i t h 5 4b.253. T h e r e 
s u l t a n t w a t e r l o a d s h a l l be a p p l i e d a t t h e 
k e e l % of t h e l o n g i t u d i n a l d i s t a n c e f r o m 
t h e bow to t h e s t ep , a n d s h a l l be d i r e c t e d 
p e r p e n d i c u l a r l y to t h e k e e l l i n e . 

( c ) Symmetrical stern landing. T h e 
l i m i t w a t e r r e a c t i o n l o a d f a c t o r s h a l l be 
i n a c c o r d a n c e w i t h § 4b.253. T h e r e 
s u l t a n t w a t e r l o a d s h a l l be a p p l i e d a t 
t h e k e e l a t a p o i n t 85 p e r c e n t of t h e l o n 
g i t u d i n a l d i s t a n c e f r o m t h e s t ep t o t h e 
s t e r n post , a n d s h a l l be d i r e c t e d p e r p e n 
d i c u l a r l y to t h e k e e l l i n e . 

( d ) P n s i / m m e t r i c a l landing; hull type 
and single float seaplanes. T J n s y m m e t r i -
c a l s tep , bow, a n d s t e r n l a n d i n g c o n d i 
t i o n s s h a l l be I n v e s t i g a t e d . T h e l o a d i n g 
f o r e a c h c o n d i t i o n s h a l l c o n s i s t o f a n 
u p w a r d c o m p o n e n t a n d a s ide c o m p o 
n e n t e q u a l , r e s p e c t i v e l y , to 0.75 a n d 0.25 
t a n (3 t i m e s t h e r e s u l t a n t l o a d i n t h e 
c o r r e s p o n d i n g s y m m e t r i c a l l a n d i n g c o n 
d i t i o n . ( S e e p a r a g r a p h s ( a ) , ib), a n d 
( c ) of t h i s s e c t i o n . ) T h e p o i n t o f a p 
p l i c a t i o n a n d d i r e c t i o n of t h e u p w a r d 
c o m p o n e n t o f t h e l o a d s h a l l be t h e s a m e 
a s t h a t i n t h e s y m m e t r i c a l c o n d i t i o n , 
a n d t h e p o i n t o f a p p l i c a t i o n of t h e 
s i d e c o m p o n e n t s h a l l be a t t h e s a m e 
l o n g i t u d i n a l s t a t i o n a s t h e u p w a r d c o m 
p o n e n t b u t d i r e c t e d i n w a r d p e r p e n d i c u 
l a r l y to t h e p l a n e of s y m m e t r y a t a p o i n t 
m i d w a y b e t w e e n t h e k e e l a n d c h i n e 
l i n e s . 

( e ) Vnsymmetrical landing; twin 
float seaplanes. T h e u n s y m m e t i i c a l 
l o a d i n g s h a l l c o n s i s t o f a n u p w a r d l o a d 
a t t h e s t ep of e a c h f loat of 0.75 a n d a 
s i d e l o a d o f 0.25 t a n ,8 a t one float t i m e s 
t h e s t ep l a n d i n g l o a d o b t a i n e d i n a c c o r d 
a n c e w i t h 9 4b.253. T h e s ide l o a d s h a l l 
be d i r e c t e d i n b o a r d p e r p e n d i c u l a r l y t o 
t h e p l a n e o f s y m m e t r y m i d w a y b e t w e e n 
t h e k e e l a n d c h i n e l i n e s o f t h e f loat a t 

T'WERl fA FORCE NECESSARY TO BALANCE THE WHEEL DRAG 
» D, ' 0 UNLESS NOSE WHEEL IS EQUIPPED WITH BRAKES, 
FOR DESIGN OF MAIN REAR V , >0 
FOR 0ESJBNOF NOSE REAR I - 0 

Itm (AT DESIGN LANCING WEIGHT) 
10W (AT DESIGN TAKE-OFF WEIGHT) 

LEW (AT DESIGN LANDING WEWHT) 
LOW (AT DESIGN TUCE-OFF WEIGHT) 

0* *OSV« 
(RER SIDf } 

| E V H 

TAIL WHEEL TYPE 

X f 4 l » B V » <PERSH*> 

RVh (V H EAOH9DE) 

Fnrcn 4b-12—Braked roTL 
NOSE WHEEL TYPE 
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BALANCED BY THE WHEEL REACTIONS 
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«b 18—Ground turning. 
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t h e s a m e l o n g i t u d i n a l s t a t i o n a s t h e u p 
w a r d l o a d . 

i 4D.255 Hull and main float take-off 
condition. T h e p r o v i s i o n s o f t h i s s e c 
t i o n s h a l l a p p l y to t h e d e s i g n of t h e w i n g 
a n d i t s a t t a c h m e n t to t h e h u l l o r m a i n 
float. T h e a e r o d y n a m i c w i n g l i f t s h a l l 
b e a s s u m e d to be zero. A d o w n w a r d 
I n e r t i a l o a d s h a l l be a p p l i e d a n d s h a l l 
c o r r e s p o n d w i t h t h e f o l l o w i n g l o a d 
f a c t o r : , 

_ c r o " i i 
n ~ t a n a / 3 j j W l / J ' 

w h e r e : 
n = I n e r t i a l o a d f a c t o r ; 

C T 0 = e m p i r i c a l s e a p l a n e o p e r a t i o n s f a c t o r 
e q u a l t o 0 .003; 

V , = s e a p l a n e s t a l l i n g s p e e d ( m p h ) a t t h e 
1 d e s i g n t a k e - o f f w e i g h t w i t h t h e 

flaps e x t e n d e d I n t h e a p p r o p r i a t e 
t a k e - o f f p o s i t i o n ; 

0= a n g l e of d e a d rise a t t h e m a i n s t e p 
( d e g r e e s ) ; 

W— s e a p l a n e d e s i g n t a k e - o f f w e i g h t l a 
p o u n d s . 

5 4b.256 Hull and main float bottom 
pressures. T h e p r o v i s i o n s of t h i s s e c t i o n 
s h a l l a p p l y to t h e d e s i g n of t h e h u l l a n d 
m a i n f loat s t r u c t u r e , i n c l u d i n g f r a m e s 
a n d b u l k h e a d s , s t r i n g e r s , a n d b o t t o m 
p l a t i n g . I n t h e a b s e n c e o f m o r e r a t i o n a l 
d a t a , t h e p r e s s u r e s a n d d i s t r i b u t i o n s 
s h a l l be a s f o l l o w s : 

( a ) L o c a l pressures. T h e f o l l o w i n g 
p r e s s u r e d i s t r i b u t i o n s a r e a p p l i c a b l e f o r 
t h e d e s i g n o f t h e b o t t o m p l a t i n g a n d 
s t r i n g e r s a n d t h e i r a t t a c h m e n t s to t h e 
s u p p o r t i n g s t r u c t u r e . T h e a r e a o v e r 
w h i c h t h e s e p r e s s u r e s a r e a p p l i e d s h a l l 
be s u c h a s to s i m u l a t e p r e s s u r e s o c c u r 
r i n g d u r i n g h i g h l o c a l i z e d i m p a c t s o n t h e 
h u l l or float, a n d n e e d n o t e x t e n d over 
a n a r e a w h i c h w o u l d I n d u c e c r i t i c a l 
s t re s se s i n t h e f r a m e s o r i n t h e o v e r a l l 
s t r u c t u r e : 

C I ) Unflared bottom. T h e p r e s s u r e a t 
t h e k e e l ( p s i ) s h a l l be c o m p u t e d a s 
f o l l o w s : „ „ , 

* * t a n ^ i 

w h e r e : 
pk— p r e s s u r e a t t h e k e e l ; 
C a = 0 . 0 0 1 8 ; 
Ka= h u l l s t a t i o n w e i g h i n g f a c t o r ( s e e flg. 

4 b - 1 6 b ) ; 
V, ^ s e a p l a n e s t a l l i n g s p e e d ( m p h ) a t the 

d e s i g n t a k e - o f f w e i g h t w i t h flaps 
e x t e n d e d i n t h e a p p r o p r i a t e t a k e 
off p o s i t i o n ; 

£ £ = a n g l e o f d e a d r i s e a t k e e l ( s e e flg. 
4 b - 1 5 a ) . 

T h e p r e s s u r e a t t h e c h i n e s h a l l be 0.75 
P*, a n d t h e p r e s s u r e s b e t w e e n t h e k e e l 
a n d c h i n e s h a l l v a r y l i n e a r l y . ( S e e n g . 
4 b - 1 5 c . ) 

<2) Flared bottom. T h e p r e s s u r e d i s 
t r i b u t i o n for a flared b o t t o m s h a l l b e 
t h a t f o r a n u n f l a r e d b o t t o m p r e s c r i b e d 

CENTER OF ROTATION 

V» A"0 V , ARE STATIC GROUND REACTIONS. FOR TAIL. 
WHEEL TYPE THE AIRPLANE IS IN THE THREE POINT 
ATTITUDE. PTVOTMG IS ASSUMED TO TAKE PLACE 
ABOUT ONE MAIN LANDING GEAR UNIT. 

V . V . V» 
4b-14—Pivoting, n o s e o r t a l l wheel type. 

i n s u b p a r a g r a p h ( I V of t h i s p a r a g r a p h , 
e x c e p t t h a t t h e p r e s s u r e a t t h e c h i n e 
s h a l l be c o m p u t e d a s fo l lows: 

t a n £ 
w h e r e : 

Pck— p r e s s u r e a t t h e c h i n e ; 
c3= 0 .0012; 
K a = h u l l s t a t i o n w e i g h i n g f a c t o r ( s e e flg. 

4 b ~ 1 5 b ) ; 
V, = s e a p l a n e s t a l l i n g s p e e d ( m p h ) a t t h e 

d e s i g n t a k e - o f f w e i g h t w i t h flaps 
e x t e n d e d i n t h e a p p r o p r i a t e t a k e 
off p o s i t i o n ; 

£ = a n g l e o f d e a d r i s e a t a p p r o p r i a t e 
s t a t i o n . 

T h e p r e s s u r e a t t h e b e g i n n i n g of t h e 
flare s h a l l be t h e s a m e a s f o r a n u n f l a r e d 
bo t tom, a n d t h e p r e s s u r e b e t w e e n t h e 
c h i n e a n d t h e b e g i n n i n g of t h e flare 
s h a l l v a r y l i n e a r l y . ( S e e flg. 4b-15c.) 

( b ) Distributed pressures. T h e f o l 
l o w i n g d i s t r i b u t e d p r e s s u r e s a r e a p p l i 
c a b l e f o r t h e d e s i g n of t h e f r a m e s , k e e l , 
a n d c h i n e s t r u c t u r e . T h e s e p r e s s u r e s 
s h a l l be u n i f o r m a n d s h a l l b e a p p l i e d 
s i m u l t a n e o u s l y over t h e e n t i r e h u l l o r 
m a i n float b o t t o m . T h e l o a d s s o o b 
t a i n e d s h a l l be c a r r i e d i n t o t h e s i d e w a l l 
s t r u c t u r e of t h e h u l l p r o p e r , b u t n e e d n o t 
b e t r a n s m i t t e d i n a f o r e a n d a f t d i r e c 
t i o n a s s h e a r a n d b e n d i n g loads . 

( 1 ) Symmetrical. T h e s y m m e t r i c a l 
p r e s s u r e s s h a l l be c o m p u t e d a s f o l l o w s : 

P = C 4 ' _ ' ° - ; 
t a n p 

w h e r e : 
p = p r e s s u r e ; 

0 4 = 0 . 0 7 8 0 ! ( f o r C i s e e 5 4 b . 2 5 S ) ; 
j L , = h u l l s t a t i o n w e i g h i n g f a c t o r ( s e e flg. 

4 b - l 5 b ) ; 
F , o = 6 e a p I a n e s t a l l i n g s p e e d ( m p h ) w i t h 

l a n d i n g f l a p s e x t e n d e d i n t h e a p 
p r o p r i a t e p o s i t i o n a n d w i t h n o 
s U p s t r e a m ef fect ; 

0= a n g l e o f d e a d r i s e a t a p p r o p r i a t e 
s t a t i o n . 

(2) Unsymmetrical. T h e u n s y m m e t -
r i c a l p r e s s u r e d i s t r i b u t i o n s h a l l c o n s i s t 
o f t h e p r e s s u r e s p r e s c r i b e d i n s u b p a r a 
g r a p h (1 ) of t h i s p a r a g r a p h o n one s i d e 
o f t h e h u l l or m a i n float c e n t e r l i n e a n d 
o n e - h a l f o f t h a t p r e s s u r e o n t h e o t h e r 
s i d e o f t h e h u l l o r m a i n float c e n t e r l i n e . 
( S e e fig. 4 b - 1 5 c . ) 

| 4 b . 2 5 7 Auxiliary float loads. A u x i l 
i a r y floats, t h e i r a t t a c h m e n t s , a n d s u p 
p o r t i n g s t r u c t u r e s h a l l be d e s i g n e d f o r 
t h e f o l l o w i n g c o n d i t i o n s . I n t h e c a s e s 
spec i f ied I n p a r a g r a p h s ( a ) , ( b ) , ( c ) , 
a n d <d) of t h i s s e c t i o n i t s h a l l be a c 
c e p t a b l e to d i s t r i b u t e t h e p r e s c r i b e d 
w a t e r l o a d s over t h e float b o t t o m t o 
a v o i d excess ive l o c a l l o a d s , u s i n g b o t t o m 
p r e s s u r e s n o t l e s s t h a n those p r e s c r i b e d 
i n p a r a g r a p h ( f ) of t h i s s ec t i on . 

( a ) S t e p loading. T h e r e s u l t a n t 
w a t e r l o a d s h a l l be a p p l i e d i n t h e p l a n e 
o f s y m m e t r y of t h e f loat a t a p o i n t 
t h r e e - f o u r t h s of t h e d i s t a n c e f r o m t h e 
b o w to t h e s t ep a n d s h a l l be p e r p e n d i c 
u l a r to t h e k e e l . T h e r e s u l t a n t l i m i t 
l o a d s h a l l be c o m p u t e d a s fo l lows , e x c e p t 
t h a t t h e v a l u e of L n e e d n o t e x c e e d t h r e e 
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t i m e s the w e i g h t of t h e d i s p l a c e d w a t e r 
w h e n t h e float is c o m p l e t e l y s u b m e r g e d : 

t a n i / a f t < l + V J 2 / s : 

Where: 
L= l i m i t load; 

C s = 0.004; 
V * , o = seaplane s t a l l i n g speed ( m p h ) w i t h 

l a n d i n g flaps extended i n t h e ap
p r o p r i a t e p o s i t i o n a n d w i t h n o 
s l ip s t r eam effect; 

V? — seaplane design l a n d i n g w e i g h t I n 
pounds ; 

P,= angle o f dead rise a t a s t a t i o n % of 
t h e d is tance f r o m t h e b o w t o i c e 
step, b u t need n o t be less t h a n 15 
degrees; 

r y = r a t i o o f t h e l a t e r a l dis tance be tween 
t h e center of g r av i t y a n d the p lane 
of s y m m e t r y of t h e float t o t h e 
r ad ius of g y r a t i o n I n r o l l . 

(b ) Bow loading. T h e r e s u l t a n t l i m i t 
l o a d s h a l l be a p p l i e d i n t h e p l a n e of 
s y m m e t r y of t h e float a t a p o i n t o n e -
f o u r t h of t h e d i s t a n c e f r o m t h e bow t o 
t h e step a n d s h a l l be p e r p e n d i c u l a r to 
t h e t a n g e n t to t h e k e e l l i n e a t t h a t p o i n t . 
T h e m a g n i t u d e of t h e r e s u l t a n t l o a d 

s h a l l be t h a t spec i f ied I n p a r a g r a p h ( a ) 
of t h i s s e c t i o n . 

<c) Unsymmetrical step loading. T h e 
r e s u l t a n t w a t e r l o a d s h a l l c o n s i s t o f a 
c o m p o n e n t e q u a l to 0,75 t i m e s t h e l o a d 
spec i f i ed I n p a r a g r a p h ( a ) of t h i s s e c t i o n 
a n d a s ide c o m p o n e n t e q u a l to 0.25 t a n 
p t i m e s t h e l o a d spec i f ied i n p a r a g r a p h 
( a ) o f t h i s s e c t i o n . T h e s ide l o a d s h a l l 
be a p p l i e d p e r p e n d i c u l a r l y to t h e p l a n e 
of s y m m e t r y of t h e float a t a p o i n t m i d 
w a y b e t w e e n t h e k e e l a n d t h e c h i n e . 

( d ) Unsymmetrical bow loading. T h e 
r e s u l t a n t w a t e r l o a d s h a l l c o n s i s t of a 
c o m p o n e n t e q u a l to 0.75 t i m e s t h e l o a d 
speci f ied i n p a r a g r a p h (b ) of t h i s s e c t i o n 
a n d a s ide c o m p o n e n t e q u a l to C.25 t a n 
p t i m e s t h e l o a d speci f ied i n p a r a g r a p h 
i b ) of t h i s s ec t ion . T h e s ide l o a d s h a l l 
be a p p l i e d p e r p e n d i c u l a r l y to the p l a n e 
of s y m m e t r y a t a p o i n t m i d w a y b e t w e e n 
t h e k e e l a n d t h e c h i n e . 

(e) Immersed float condition. T h e 
r e s u l t a n t l o a d s h a l l be a p p l i e d a t t h e 
c e n t r o i d of t h e c r o s s s e c t i o n of t h e float 
a t a p o i n t o n e - t h i r d of t h e d i s t a n c e f r o m 

t h e b o w to the s tep. T h e l i m i t l o a d c o m 
p o n e n t s s h a l l be a s fo l lows: 

v e r t i c a l = M V 

w h e r e ; 
p—mass dens i ty o f wa te r ; 
v = v o l u m e of float; 

<?£== coefficient of d r ag force, equa l t o 
0.10; 

C v = coefficient o f side force , equa l t o 
0.0B; 

K= 0.8, except t h a t lower value* sha l l be 
acceptable I f i t Is s h o w n t h a t t h e 
floats are Incapable o f s u b m e r g i n g 
a t a speed of 0.8 Vs I n n o r m a l 
opera t ions ; 

V I ( ) = seaplane s t a l l i n g speed ( m p h ) w i t h 
l a n d i n g flaps ex tended i n t h e ap
p r o p r i a t e p o s i t i o n a n d w i t h n o 
s l i p s t r eam effect. 

( f ) F l o a t b o t t o m p r e s s u r e s . T h e float 
b o t t o m p r e s s u r e s s h a l l be e s t a b l i s h e d i n 
a c c o r d a n c e w i t h I 4b.236 ( a ) a n d ( b ) . 
T h e a n g l e of d e a d r i s e to be u s e d i n 
d e t e r m i n i n g t h e float b o t t o m p r e s s u r e s 
s h a l l be a s de f ined i n p a r a g r a p h ( a ) t>f 
t h i s s ec t i on . 

S 4b.258 Seawing loads. S e a w i n g 
d e s i g n l o a d s s h a l l be b a s e d o n appl icable , 
t e s t d a t a . 

EMERGENCY LANDING CONDITIONS 
S 4b.260 G e n e r a l . T h e f o l l o w i n g r e 

q u i r e m e n t s d e a l w i t h e m e r g e n c y c o n 
d i t i o n s of l a n d i n g o n l a n d or w a t e r i n 
w h i c h t h e sa f e ty of t h e o c c u p a n t s s h a l l 
b e c o n s i d e r e d , a l t h o u g h i t i s a c c e p t e d 
t h a t p a r t s of t h e a i r p l a n e m a y be d a m 
a g e d . 

( a ) T h e s t r u c t u r e s h a l l b e d e s i g n e d 
to g ive e v e r y r e a s o n a b l e p r o b a b i l i t y t h a t 
all Of t h e o c c u p a n t s , I f t h e y m a k e p r o p e r 
u s e of t h e s e a t s , be l t s , a n d o t h e r p r o v i 
s i o n s m a d e i n t h e d e s i g n (see S 4b.358), 
w i l l e s c a p e s e r i o u s I n j u r y i n t h e e v e n t o f 
a m i n o r c r a s h l a n d i n g ( w i t h w h e e l s u p 
I f t h e a i r p l a n e I s e q u i p p e d w i t h r e t r a c t 
a b l e l a n d i n g g e a r ) i n w h i c h t h e o c c u 
p a n t s e x p e r i e n c e t h e f o l l o w i n g u l t i m a t e 
I n e r t i a f o r c e s r e l a t i v e to t h e s u r r o u n d 
i n g s t r u c t u r e : 

(1 ) U p w a r d . 2.0g (Downward 4.6g) 
(2) F o r w a r d 9.0g 
(3) S ideward l.Gg 

( b ) T h e u s e of a l e s s e r v a l u e of t h e 
d o w n w a r d I n e r t i a f o r c e speci f ied i n p a r 
a g r a p h (a) of t h i s s e c t i o n s h a l l be a c 
c e p t a b l e I f f t i s s h o w n t h a t t h e a i r p l a n e 
s t r u c t u r e c a n a b s o r b t h e l a n d i n g l o a d s 
c o r r e s p o n d i n g w i t h t h e d e s i g n l a n d i n g 
w e i g h t a n d a n u l t i m a t e d e s c e n t v e l o c i t y 
of 5 f. p . s. w i t h o u t e x c e e d i n g t h e v a l u e 
c h o s e n . 

(C) T h e I n e r t i a f o r c e s spec i f ied I n 
p a r a g r a p h ( a ) of t h i s s e c t i o n s h a l l b e 
a p p l i e d t o a l l i t e m s of m a s s w h i c h w o u l d 
be a p t t o i n j u r e t h e p a s s e n g e r s o r c r e w 
i f s u c h i t e m s b e c a m e loose i n t h e e v e n t 
o f a m i n o r c r a s h l a n d i n g , a n d t h e s u p 
p o r t i n g s t r u c t u r e s h a l l be d e s i g n e d to 
r e s t r a i n t h e s e I t e m s . 

5 4b .2Gl Structural ditching provi
sions. ( F o r s t r u c t u r a l s t r e n g t h c o n s i d 
e r a t i o n s o f d i t c h i n g p r o v i s i o n s see 
S 40 . 3 6 1 ( c ) . ) 
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K, { Vertical Loads ) K~ ( Bottom Pressures ) 
F I G U R E 4 b - 1 5 b — H a l l s t a t i o n w e i g h i n g fac to r . 

UNFLARED SYMMETRICAL 

F L A R E D 

Local Pressure 
UNSYMMETRICAL 

Distributed Pressure 
F I G U R E 4b-15o—Transverse pressure d i s t r i b u t i o n s . 

SUBPART D—DESIGN AND CONSTRUCTION 

GENERAL 

5 4b.300 Scope. The airplane shall 
not Incorporate design features or de
tails which experience has shown to be 
hazardous or unreliable. The suitability 
of all questionable design details or parts 
shall be established by tests. 

g4b.301 Materials. The suitability 
and durability of all materials used in 
the airplane structure shall be estab
lished on the basis of experience or tests. 
All materials used in the airplane struc
ture shall conform to approved specifica
tions which will insure their having the 
strength and other properties assumed 
in the design data. 

5 4b,302 fabrication methods. The 
methods of fabrication employed in con
structing the airplane structure shall be 
such as to produce a consistently sound 
structure. When a fabrication process 
such as gluing, spot welding, or heat 
treating requires close control to attain 
this objective, the process shall be per
formed in accordance with an approved 
process specification. 

§4b.303 standard fastenings. All 
bolts, pins, screws, and rivets used in 
the structure shall be of an approved 
type. The use of an approved locking 
device or method Is required for all such 
bolts, pins, and screws. Self-locking 
nuts shall not be used on bolts which 
are subject to rotation in operation. 

5 4b.304 Protection, (a) All members 
of the structure shall be suitably pro
tected against deterioration or loss of 
strength in service due to weathering, 
corrosion, abrasion, or other causes. 

(b) Provision for ventilation and 
drainage of all parts of the structure 
shall be made where necessary for pro
tection. 

(c) In seaplanes, special precautions 
shall be taken against corrosion from 
salt water, particularly where parts made 
from different metals are in close prox
imity. 

S 4b.305 Inspection provisions. 
Means shall be provided to permit the 
close examination of those parts of the 
airplane which require periodic inspec-
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Won, adjustment for proper alignment 
and functioning, and lubrication of mov
ing parts. 

5 4b.306 Material strength properties 
and design values, (a) Material strength 
properties shall be based on a sufficient 
number of tests of material conforming 
to specifications to establish design 
values on a statistical basis. 

(b) The design values shall be so 
chosen that the probability of any 
structure being understrength because 
of material variations is extremely re
mote. 

(c) ANC-5, ANC-18, and ANC-23, 
Part II values shall be used unless shown 
to be inapplicable in a particular case. 

N O T E : ANC-S . " S t r e n g t h o f M e t a l A i r c r a f t 
E lements , " ANC-18 , "Design o f Wood A i r c r a f t 
S t r u c t u r e s , " a n d ANC-23 , " S a n d w i c h C o n 
s t r u c t i o n for A i r c r a f t , " are p u b l i s h e d by t h e 
S u b c o m m i t t e e o n A i r F o r c u - N a v y - C i v i l A i r 
c r a f t Design Cr i t e r i a , and m a y be o b t a i n e d 
f r o m t h e fiu p e r m t e n d tnt of Documen t s , 
G o v e r n m e n t P r i n t i n g Office, W a s h i n g t o n 25, 
D. C. 

(d) The strength, detail design, and 
fabrication of the structure shall be such 
as to minimize the probability of dis
astrous fatigue failure. 

NOTE : Po in t s of stress c o n c e n t r a t i o n are 
one o f t he m a i n sources o f f a t i gue f a i l u re , 

i 4b.307 Special factors. Where 
there is uncertainty concerning the ac
tual strength of a particular part of the 
structure, or where the strength is likely 
to deteriorate in service prior to normal 
replacement of the part, or where the 
strength is subject to appreciable varia
bility due to uncertainties in manu
facturing processes and Inspection 
methods, the factor of safety prescribed 
in } 4b.200 (a) shall be multiplied by a 
special factor of a value such as to make 
the probability of the part being under
strength from these causes extremely 
remote. The following special factors 
shall be used: 

fa) Casting factors. <1) Where only 
visual Inspection of a casting Is to be 
employed, the casting factor shall be 
2.0, except that it need not exceed 1.25 
with respect to bearing stresses. 

(2) It shall be acceptable to reduce 
the factor of 2.0 specified in subpara
graph (1) of this paragraph to a value 
of 1.25 if such a reduction is substan
tiated by testing at least three sample 
castings and if the sample castings as 
well as all production castings are visu
ally and racUographicaUy inspected in 
accordance with an approved Inspection 
specification. During these testa the 
samples shall withstand the ultimate 
load multiplied by the factor of 1.25 and 
in addition shall comply with the corre
sponding limit load multiplied by a fac
tor of 1.15. 

(3) Casting factors other than those 
contained in subparagraphs U) and (3) 
of this paragraph shall be acceptable if 
they are found to be appropriately re
lated to tests and to inspection proce
dures. 

(4) A casting factor need not be em
ployed with respect to the bearing sur
face of a part if the bearing factor used 
(see paragraph (b) of this section) Is 
of greater magnitude than the casting 
factor. 

(b) Bearing factors. (1) Bearing fac
tors shali be used of sufficient magni
tude to provide for the effects of normal 
relative motion between parts and in 
joints with clearance (free fit) which are 
subject to pounding or vibration. (Bear
ing factor values for control surface 
and system joints are specified In 
§§4b.3l3 (a) and 4b.329 <b>.) 

(2) A bearing factor need not be em
ployed on a part if another special fac
tor prescribed in this section is of greater 
magnitude than the bearing factor. 

(c) Fitting factors. (1) A fitting fac
tor of at least 1.15 shall be used on all 
fittings the strength of which is not 
proven by limit and ultimate load tests 
in which the actual stress conditions 
are simulated in the fitting and the 
surrounding structure. This factor shall 
apply to all portions of the fitting, the 
means of attachment, and the bearing 
on the members joined. 

(2) In the case of integral fittings the 
part shall be treated as a fitting up to 
the point where the section properties 
become typical of the member. 

(3) The fitting factor need not be 
employed where a type of joint made in 
accordance with approved practices Is 
based on comprehensive test data, e. g., 
continuous joints In metal plating, 
welded Joints, and scarf Joints in wood. 

<4> A fitting factor need not be em
ployed with respect to the bearing sur
face of a part if the bearing factor used 
(see paragraph (b) of this section) is of 
greater magnitude than the fitting 
factor. 

§ 4b.308 Flutter, deformation, and vi
bration. Compliance with the following 
provisions shall be shown by such calcu
lations, resonance tests, or other tests 
as are found necessary by the Admin
istrator. 

(a) Flutter prevention. The airplane 
shall be designed to be free from flutter 
of wing and tail units, including all con
trol and trim surfaces, and from diverg
ence (i. e. unstable structural distortion 
due to aerodynamic loading), at all 
speeds up to 1.2 V n . A smaller margin 
above VD shall be acceptable if the char
acteristics of the airplane (including the 
effects of compressibility) render a speed 
of 1.2 VD unlikely to be achieved, and If 
it is shown that a proper margin of 
damping exists at speed VD. In the ab
sence of more accurate data, the terminal 
velocity in a dive of 30 degrees to the 
horizontal shall be acceptable as the 
maximum speed likely to be achieved. 
If concentrated balance weights are used 
on control surfaces, their effectiveness 
and strength, including supporting 
structure, shall be substantiated. 

(b) toss of control due to structural 
deformation. The airplane shall be de
signed to be free from control reversal 
and from undue loss of longitudinal, 
lateral, and directional stability and 
control as a result of structural deforma
tion, including that of the control sur
face covering, at all speeds up to toe 
speed prescribed in paragraph (a) of this 
section for flutter prevention. 

(c) Vibration and buffeting. The air
plane shall be designed to withstand all 
vibration and buffeting which might oc
cur in any likely operating conditions. 

CONTROL SURFACES 

8 4b.310 General. The requirements 
of §5 4b.311 through 4b.313 shall apply 
to the design of fixed and movable con
trol surfaces. 

i 4b.3ll Proof of strength, (a) Con
trol surface limit load tests shall be con
ducted to prove compliance with limit 
load requirements. 

(b) Control surface tests shall include 
the horn or fitting to which the control 
system Is attached. 

(c) Analyses or individual load tests 
shall be conducted to demonstrate com
pliance with the special factor require
ments for control surface hinges. (See 
85 4b.307 and 4b.313 (a),) 

S 4b.312 Installation, (a) Movable 
tail surfaces shall be so installed that 
there is no interference between any two 
surfaces when one is held In its extreme 
position and all the others are operated 
through their full angular movement. 

(b) When an adjustable stabilizer la 
used, stops shall be provided which will 
limit its travel, in the event of failure 
of the adjusting mechanism, to a range 
equal to the maximum required to trim 
the airplane in accordance with 5 4b,140. 

S 4b.3l3 Hinges, (a) Control surface 
hinges, except ball and roller bearings, 
shall incorporate a special factor of not 
less than 6.67 with respect to the Ulti
mate bearing strength of the softest ma
terial used as a bearing. 

(b) For hinges incorporating ball or 
roller bearings, the approved rating of 
the bearing shall not be exceeded. 

(c) Hinges shall provide sufficient 
strength and rigidity for loads parallel 
to the hinge line. 

C O N T R O L S T S T I M S 

! 4b,320 General. All controls and 
control systems shall operate with ease, 
smoothness, and positiveness appropri
ate to their function. (See also §5 4b.3B0 
and 4b.353.) 

}4b.32l Ttoo-controJ ofrplanej. Two-
control airplanes shall be capable of con
tinuing safely in flight and landing In 
the event of failure of any one connect
ing element In the directional-lateral 
flight control system. 

i 4b.322 Trim controls and systems. 
(a) Trim controls shall be designed to 
safeguard against inadvertent or abrupt 
operation, 

(b) Each trim control shall operate 
in the plane and with the sense of motion 
of the airplane. (See fig. 4b-16.) 

(c) Means shall be provided adjacent 
to the trim control to indicate the direc
tion of the control movement relative to 
the airplane motion. 

(d> Means shall be provided to Indi
cate the position of the trim device with 
respect to the range of adjustment. The 
indicating means shall be clearly risible. 

(e) Trim devices shall be capable of 
continued normal operation In the event 
of failure of any one connecting or trans
mitting element of the primary flight 
control system. 

(f) Trim tab controls shall be irre
versible, unless the tab is appropriately 
balanced and shown to be free from 
flutter. 
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(g) Where an Irreversible tab control 
system is employed, the portion from the 
tab to the attachment of the irreversible 
unit to the airplane structure shall con
sist of a rigid connection. 

5 4b.323 Wing flap controls. <a> 
The wing flap controls shall operate in 
a manner to permit the flight crew to 
place the flaps in all of the take-off, en 
route, approach, and landing positions 
established under § 4b.lll and to main
tain these positions thereafter without 
further attention on the part of the 
crew, except for flap movement produced 
by an automatic flap positioning or load 
limiting device. 

Cb) The wing flap control shall be lo
cated and designed to render Improbable 
its inadvertent operation. 

(c) The rate of motion of the wing 
flap in response to the operation of the 
control and the characteristics of the 
automatic flap positioning or load limit
ing device shall be such as to obtain 
satisfactory flight and performance 
characteristics under steady or changing 
conditions of air speed, engine power, and 
airplane attitude. 

(d) The wing flap control shall be 
designed to retract the flaps from the 
fully extended position during steady 
flight at maximum continuous engine 
power at an speeds below Vjf+10 
Cm. p. h,). 

(e) Means shall be provided to In
dicate the take-off, en route, approach, 
and landing flap positions. 

(f) If any extension of the flaps be
yond the landing position is possible, 
the flap control shall be clearly marked 
to identify such range of extension. 

5 4b.324 Wing Slav interconnection, 
(a) The motion of wing flaps on opposite 
sides of the plane of symmetry shall be 
synchronized by a mechanical inter
connection unless the airplane Is 
demonstrated to have safe flight char
acteristics while the flaps are retracted 
on one side and extended on the other. 

(b) Where a wing flap interconnec
tion is used, it shall be designed to 
account for the applicable unsymmetri-
cal loads, Including those resulting from 
flight with the engines on one side of 
the plane of symmetry inoperative and 
the remaining engines at take-off power. 
For airplanes with flaps •which are not 
subjected to slipstream conditions, the 
structure shall be designed for the loads 
imposed when the wing flaps on one side 
are carrying the most severe load occur
ring in the prescribed symmetrical con
ditions and those on the other side are 
carrying not more than 80 percent of 
that load. 

S 4b 325 Control system stops, (a) 
All control systems shall be provided 
with stops which positively limit the 
range of motion of the control surfaces. 

(b) Control system stops shall be so 
located in the system that wear, slack
ness, or take-up adjustments will not 
affect adversely the control character
istics of the airplane because of a change 
in the range of surface travel. 

(c) Control system stops shall be ca
pable of withstanding the loads corre
sponding with the design conditions for 
the control system. 

§ 4b, 326 Control system locks. Pro
vision shall be made to prevent damage 
to the control surfaces (including tabs) 
and the control system which might re
sult from gusts striking the airplane 
while it is on the ground or water (see 
also § 4b.226>. If a device provided for 
this purpose, when engaged, prevents 
normal operation of the control surfaces 
by the pilot, it shall comply with the 
following provisions. 

(a) The device shall either automat
ically disengage when the pilot operates 
the primary flight controls in a normal 
manner, or it shall limit the operation 
of the airplane in such a manner that 
the pilot receives unmistakable warning 
at the start of take-off. 

(b) Means shall be provided to pre
clude the possibility of the device be
coming inadvertently engaged in flight. 

S 4b.327 Static testa. Tests shall be 
conducted on control systems to show 
compliance with limit load requirements 
in accordance with the following pro
visions. 

(a) The direction of the test loads 
shall be such as to produce the most 
severe loading in the control system. 

(b) The tests shall include all fittings, 
pulleys, and brackets used in attaching 
the control system to the main structure. 

<c> Analyses or individual load tests 
shall be conducted to demonstrate com
pliance with the special factor require
ments for control system joints sub
jected to angular motion. (See §! 4b.-
307 and 4b.329 tb>.) 

I 4b.328 Operation tests. An opera
tion test shall be conducted for each 
control system by operating the controls 
from the pilot compartment with the 
entire system loaded to correspond with 
80 percent of the limit load specified for 
the control system. In this test there 
shall be no jamming, excessive Iriction, 
or excessive deflection. 

§ 4b.329 Control system details; gen
eral. All details of control systems shall 
be designed and installed to prevent 
Jamming, chafing, and Interference 
from cargo, passengers, and loose ob
jects. Precautionary means shall be 
provided In the cockpit to prevent the 
entry of foreign objects Into places where 
they Would jam the control systems. 
Provisions shall be made to prevent the 
slapping of cables or tubes against other 
parts of the airplane. The following de
tail requirements shall be applicable with 
respect to cable systems and Joints. 

(a) Cable systems. (1) Cables, cable 
fittings, turnbuckles, splices, and pulleys 
shall be of an approved type. 

(2) Cables smaller than Va-lnch di
ameter shall not be used in the aileron, 
elevator, or rudder systems. 

(3) The design of cable systems shall 
be such that there will he no hazardous 
change In cable tension throughout the 
range of travel under operating condi
tions and temperature variations. 

(4) Pulley types and sizes shall cor
respond with the cables used. 

(5) All pulleys and sprockets shall be 
provided with closely fitted guards to 
prevent the cables and chains being 
displaced or fouled. 

(6) Pulleys shall lie in the plane pas
sing through the cable within such limits 
that the cable does not rub against the 
pulley flange. 

(7) Falrleads shall be so Installed that 
they do not cause a change In cable 
direction of more than 3°. 

(8) Clevis pins (excluding those not 
subject to load or motion) retained only 
by cotter pins shall not be used in the 
control system. 

(9) Turnbuckles attached to parts 
having angular motion shall be installed 
to prevent positively any binding 
throughout the range of travel. 

(10) Provision for visual Inspection 
shall be made at all fairleads, pulleys, 
terminals, and turnbuckles. 

(b) Joints. (1) Control system 
joints subjected to angular motion in 
push-pull systems, excepting ball and 
roller bearing systems, shall incorporate 
a special factor of not less than 3.33 with 
respect to the ultimate bearing strength 
of the softest material used as a bearing. 

(2) It shall be acceptable to reduce 
the factor specified In subparagraph (1) 
of this paragraph to a value of 2.0 for 
joints in cable control systems. 

(3) The approved rating of ball and 
roller bearings shall not be exceeded. 

LANSING GEAB 

5 4b.330 General. The requirements 
of U 4b.331 through 4b.338 shall apply 
to the complete landing gear. 

% 4b.331 Shock absorbers, (a) The 
shock absorbing* elements for the main, 
nose, and tail wheel units shall be sub
stantiated by the tests specified in 
} 4b.332. 

(b) The shock absorbing ability of the 
landing gear in taxying shall be demon
strated by the tests prescribed in 
S 4b. 172. 

5 4b.332 Landing gear tests. The 
landing gear shall withstand the follow
ing tests. 

(a) Shock absorption tests. <1> It 
shall be demonstrated by energy absorp
tion tests that the limit load factors se
lected for design in accordance with 
§4b.230 (b) f 0 r tafce-oil and landing 
weights, respectively, will not be ex
ceeded. 

(2) In addition to the provisions of 
subparagraph (1) of this paragraph, a 
reserve of energy absorption shall be 
demonstrated by a test simulating an 
airplane descent velocity of 12 f. p. s. at 
design landing weight, assuming wing lift 
not greater than the airplane weight act
ing during the landing impact. In this 
test the landing gear shall not fail. 
(See paragraph (c) of this section.) 

(b) Limit drop tests. (1) If compli
ance with the limit landing conditions 
specified in paragraph (a) (1) of this 
section is demonstrated by free drop 
tests, these shall be conducted on the 
complete airplane, or on units consisting 
of wheel, tire, and shock absorber In their 
proper relation. The free drop heights 
shall not be less than the following: 

(1) 18.7 Inches for the design landing 
weight conditions. 

(11) 6.7 Inches for the design take-off 
weight conditions. 
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<2) If wing lift Is simulated in free 
(bop tests the landing gear shall be 
dropped with as effective mass equal to; 

where: 
W , = t h e effective weight to be used i n the 

drop test ( lbs . ) , 
ft—specified tree drop height ( Inches ) , 
a—deflection under impact of the tire (at 

the approved inflation pressure) 
p l u s the vertical component of the 
axle travel relative to the drop 
mass ( Inches ) , 

f s W , far m a i n gear u n i t s ( lbs . ) , equal 
to the s tat ic weight on the p a r 
t i cu lar u n i t w i t h the airplane la 
the level attitude (wi th the nose 
wheel clear i n the case of nose 
wheel type a irp lanes ) . 

W—WT for t a l l gear u n i t s ( lbs . ) , equal to 
the s tat ic weight on the taU u n i t 
w i t h the airplane i n the taU-down 
attitude, 

W~W, for nose wheel u n i t s ( lbs . ) , equal 
to the vertical component of the 
stat ic reaction w h i c h would e x l A 
at the nose wheel, assuming the 
mass of the airplane acting a t the 
center of gravity a n d exerting a 
force of 1.0g downward a n d 0.2Bg 
forward, 

L = t h e ratio, of the assumed wing Uft 
to the a irplane weight, no t i n ex
cess of 0.067. 

(3) The attitude In which a landing 
gear unit is drop tested shall simulate 
the airplane landing condition critical 
for toe unit 

<4) The value of d used in the com
putation of We in subparagraph (2) of 
this paragraph shall n o t exceed the value 
actually obtained in the drop test. 

(c) Reserve energy absorption drop 
tests. <1) If compliance with the re
serve energy absorption condition spec
ified In paragraph (a) (2) of this section 
is demonstrated by free drop tests, the 
landing gear units shall be dropped from 
a free drop height of not less than 2T 
Inches. 

(2) if wing lift equal to the airplane 
weight is simulated, t h e units s h a l l be 
dropped with an effective mass equal to: 

where the symbols and other details are 
the same as in paragraph (b) of this 
section. 

! 4b.33S Limit load factor determina
tion, (a) In determining the airplane 
inertia limit load factor n from the f r e e 
drop tests specified in } 4b.332, the fol
lowing formula shall be used: 

where; 
jij^rthe load factor dur ing Impact devel

oped on the mass used i n the drop 
test (1. e., the acceleration dv/dt I n 
gfe recorded i n the drop test pins 
1,0). (See I 4 b 3 3 2 (b) (3) for ex
planat ion of W „ W, a n d L). 

(h) The value of n determined in 
paragraph (a) of this section shall not 
be greater than the limit load factor 
used for the landing conditions. (See 
|4b.230 <b)>. 

{ 4b 334 Retracting mechanism—(a) 
General. (1) The landing gear retract
ing mechanism, wheel well doors, and 

supporting structure shall be designed 
for the loads occurring in the flight con
ditions when the gear is in the retracted 
position, and for the combination of 
friction, inertia, brake torque, and air 
loads occurring: during' retraction and 
extension at any air speed up to 1.6 Vj t 

(flaps In the approach position at design 
landing weight), and any load factor up 
to those specified In 5 4b.212 for the 
flaps extended condition. 

(2) The landing gear, the retracting 
mechanism, and the airplane structure 
including wheel well doors shall be de
signed to withstand the flight loads oc
curring with the landing gear in the 
extended position at any speed up to 
0.67 Va, unless other means are provided 
to decelerate the airplane in flight at this 
speed. 

(3) Landing gear doors, their operat
ing mechanism, and their supporting 
structure shall be designed for the con
ditions of air speed and load factor pre
scribed in subparagraphs (1) and (2) of 
this paragraph, and in addition they 
shall be designed for the yawing ma
neuvers prescribed for the airplane. 

(b) Landing gear lock, A positive 
means shall be provided for the purpose 
of maintaining the landing gear in the 
extended position. 

(c) Emergency operation. Emer
gency means of extending the landing 
gear shall be provided, so that the land
ing gear can be extended in the event of 
any reasonably probable failure in the 
normal retraction system. In any case 
the emergency system shall provide for 
the failure of any single source of hy
draulic, electric, or equivalent energy 
supply. 

(d) Operation test. Proper function
ing of the landing gear retracting 
mechanism shall be demonstrated by 
operation tests. 

(e) Position indicator and learning de
vice. (1) When a retractable landing 
gear Is used, means shall be provided for 
Indicating to the pilot when the gear is 
secured in the extended and in the re
tracted positions. 

(2) In addition to the requirement of 
subparagraph (1) of this paragraph, 
landplanes shall be provided with an 
aural warning device which will function 
continuously when all throttles are closed 
if the gear Is not fully extended and 
locked. 

(3) If a manual shutoff for the warn
ing device prescribed in subparagraph 
(3) of this paragraph is provided, it shall 
be installed so that reopening the throt
tles will reset the warning mechanism, 

(f) Control. The location and oper
ation of the landing gear retraction con
trol Shall be according to the provisions 
of S 4b,353. 

! 4b .335 Wheels. Main wheels and 
nose wheels shall be of an approved type. 
The following provisions shall apply. 

(a) The iri«.viwnirp static load rating 
of each main wheel and nose wheel shall 
not be less than the corresponding static 
ground reaction under the design take
off weight of the airplane and the critical 
center of gravity position. 

(b) The maximum limit load rating 
of each main wheel and nose wheel shall 
not be less than the maximum radial 

limit load determined in accordance 
with the applicable ground load require
ments of this part (see $5 4b.230 through 
4b.236). 

(c) The maximum kinetic energy ca
pacity rating of each main wheel-brake 
assembly shall not be less than the ki
netic energy absorption requirement 
determined as follows: 

0.0S34WT, » 

w 
where: 

KE a k i n e t i c energy per wheel (ft. l b . ) ; 
W=de s i g n landing weight ( lb . ) ; 

P, 0i=power-off stall ing speed of the airplane* 
(mph) at sea level a t the design 
landing weight a n d I n the landing 
configuration; 

/r—number of main wheels. 

NOTE: T h e expression for k ine t i c energy 
assumes a n equal distribution of brak ing 
between m a i n wheels. I n cases ot unequal 
distribution the expression requires appro
priate modification, 

(d) The minimum stalling speed rat
ing of each main wheel-brake assembly. 
1. e., the Initial speed used in the dyna
mometer tests, shall not be greater than 
the V.0 used in the determination of 
kinetic energy in accordance with para
graph (c) of this section. 

J J o r s ; T h e provision of th i s paragraph la 
based upon the assumption tha t the testing 
procedures for wheel-brake assemblies i n 
volve a specified rate of deceleration, and, 
therefore, for the same amount of k inet ic 
energy the rate of energy absorption ( the 
power absorbing ability of the brake) varies 
inversely w i t h the Ini t ia l speed. 

S4b.336 Tires, (a) Landing gear 
tires shall be of a proper fit on the rim 
of the wheel, and their approved rating 
shall be such that it Is not exceeded 
under the following conditions: 

(1) Airplane weight equal to the de
sign take-off weight, 

(2) Load on each main wheel tire 
equal to the corresponding static ground 
reaction at the critical center of gravity 
position. 

<3) Load on nose wheel tires (to be 
compared with the dynamic rating es
tablished for such tires) equal to the 
reaction obtained at the nose wheel, 
assuming the mass of the airplane con
centrated at the most critical center ot 
gravity and exerting a force of 1,08 
downward and 0.31s forward, the reac
tions being distributed to the nose and 
main wheels by the principles of Statics 
with the drag reaction at the ground 
applied only at those wheels which have 
brakes. 

S4b.337 Brakes— (a) General. (1) 
The airplane shall be equipped with 
brakes of an approved type- The brake 
ratings shall be in accordance With 
i 4b,335 (c) and (d). 

(2) The brake system shall be so de
signed and constructed that in the event 
of a single failure in any connection or 
transmitting element in the brake sys
tem (excluding the operating pedal or 
handle), or the loss of any single source 
of hydraulic or other brake operating 
energy supply, it shall be possible to 
bring the airplane to rest under condi
tions specified in i 4b. 122 with a mean 
deceleration during the landing roll of at 
least 50 percent of that obtained in de-
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lermlning the landing distance as pre
scribed in that section. 

(3) In applying the requirement of 
subparagraph (2) of this paragraph to 
hydraulic brakes, the brake drum, shoes, 
and actuators (or their equivalents) 
shall be considered as connecting or 
transmitting elements, unless It is shown 
that the leakage of hydraulic fluid re
sulting from failure of the sealing ele
ments In these units would not reduce 
the braking effectiveness below that 
specified In subparagraph (2) of this 
paragraph. 

(b) Brake controls. Brake controls 
shall not require excessive control forces 
in their operation. 

(c) Parking brake controls. A park
ing brake control shall be provided and 
Installed so that it can be set by the pilot 
and, without further attention, will 
maintain sufficient braking to prevent 
the airplane from rolling on a paved, 
level runway while take-off power on the 
critical engine is being applied. 

5 4b.338 Skis. Skis shall be of an ap
proved type. The maximum limit load 
rating' of each ski shall not be less 
than the maximum limit load determined 
In accordance with the applicable ground 
load requirements of this part. (See 
§§4b.230 through 4b.236.) 

H U I L S AND F L O A T S 

§ 4b.340 Genera!. The requirements of 
SS4b,341 and 4b,342 shall apply to the 
design of hulls and floats. 

8 4b.34l Seaplane main floats. Sea
plane main floats shall be of an approved 
type and shall comply with the provi
sions of S4b.250. In addition, the fol
lowing shall apply. 

(a) Buoyancy. Each seaplane main 
float shall have a buoyancy of 80 percent 
in excess of that required to support the 
maximum weight of the seaplane in fresh 
water. 

(b) Compartmentation. Each sea
plane main float shall contain not less 
than 5 watertight compartments. The 
compartments shall have approximately 
equal volumes. 

I 4b,342 Boat hulls, (a) The hulls of 
boat seaplanes and amphibians shall be 
divided into watertight compartments 
so that, with any two adjacent compart
ments flooded, the buoyancy of the hull 
and auxiliary floats (and wheel tires, if 
used) will provide a sufficient margin of 
positive stability to minimize capsizing 
in rough fresh water. 

(b) For the purpose of communica
tion between compartments, bulkheads 
with watertight doors shall be allowed. 

PERSONNEL AND CARGO ACCOMMODATIONS 

5 4b.350 Pilot compartment; general. 
(a) The arrangement of the pilot com
partment and its appurtenances shall 
provide safety and assurance that the 
pilot will be able to perform all of his 
duties and operate the controls in the 
correct manner without unreasonable 
concentration and fatigue, 

(b) The primary flight controls listed 
on figure 4b-16, excluding cables and 
control rods, shall be so located with re
spect to the propellers that no portion 
of the pilot or the controls lies in the 
region between the plane of rotation of 

any Inboard propeller and the surface 
generated by a line passing through the 
center of the propeller hub and making 
an angle of 5" forward or aft of the 
plane of rotation of the propeller. 

(c) When provision Is made for a sec
ond pilot, the airplane shall be control
lable with equal safety from both seats. 

(d> The pilot compartment shall be 
constructed to prevent leakage likely to 
be distracting to the crew or harmful to 
the structure when flying In rain or 
snow. 

(e) A door shall be provided between 
the pilot compartment and the passen
ger compartment. 

PREHAttT 

Controls Movement and actuation 

Aileron,, . 

E levator _ . . 

Right (clockwise) for right wing 
down. 

Rearward for nose up . 
Right pedal forward for nose right. Rudder 

Right (clockwise) for right wing 
down. 

Rearward for nose up . 
Right pedal forward for nose right. 

Right (clockwise) for right wing 
down. 

Rearward for nose up . 
Right pedal forward for nose right. 

SECOND ART 

F l a p s (or auxiliary 
lift devices). 

T r i m tabs (or 
equivalent). 

F o r w a r d for flap3 up; rearward 
for flaps down. 

Rotate to produce similar rotation 
of the airplane about an axis 
parallel to the axis of tbe control. 

F i a f B E 4b-10—Aerodynamic controls. 

(f) The door prescribed In paragraph 
(e) of this section shall be equipped with 
a locking means to prevent passengers 
from opening the door without the pilot's 
permission. 

(g) Vibration and noise characteris
tics of cockpit appurtenances shall not 
interfere with the safe operation of the 
airplane. 

§ 4b.351 Pilot compartment vision— 
(a) Nonprecipttation conditions. (1) 
The pilot compartment shall be arranged 
to afford the pilots a sufficiently exten
sive, clear, and undistorted view to per
form safely all maneuvers within the 
operating limitations of the airplane, in
cluding taxymg; take-off, approach, and 
landing. 

(2) It shall be demonstrated by day 
and night flight tests that the pilot 
compartment is free of glare and reflec
tions which would tend to interfere with 
the pilots' vision. 

(b) Precipitation conditions. (1) 
Means shall be provided for maintaining 
a sufficient portion of the windshield 
clear so that both pilots are afforded 
a sufficiently extensive view along the 
flight path in all normal flight attitudes 
of the airplane. Such means shall be 
designed to function under the following 
conditions without continuous attention 
on the part of the crew: 

(1) In heavy rain at speeds up to 1.6 
V J 1 , flaps retracted, 

(il) In the most severe Icing condi
tions for which approval of the airplane 
is desired. 

(2) In addition to the means pre
scribed In subparagraph (1) of this para
graph at least the first pilot shall be 
provided with a window which, when the 
cabin is not pressurized, is openable 
under the conditions prescribed in sub
paragraph (1) of this paragraph, and 
which provides the view specified In that 
subparagraph. The design shall be such 
that when the window is opened suffi
cient protection from the elements will 

be provided against the impairment ol 
the pilot's vision, 

5 4b.352 Windshield and windows. 
(a) All internal glass panes shall be of a 
nonsplintering safety type. 

(b) The windshield, its supporting 
structure, and other structure in front 
of the pilots shall have sufficient strength 
to withstand without penetration the 
impact of a four-pound bird when the 
velocity of the airplane relative to the 
bird along the airplane's flight path is 
equal to the value of V„ at sea level 
selected in accordance with § 4b.210 (b) 
(4). 

(c) The design of windshields and 
windows in pressurized airplanes shall be 
based on factors peculiar to high alti
tude operation. (See also 5 4b,373.) 

MOTS: Factors peculiar to h igh alt itude op
eration as they may affect the design of w i n d -
shields a n d w i n d o w s Include t h e effects o f 
cont inuous and cyc l ic pressurization load
ings, the inherent characteristics of t h e 
mater ia l used, the effects o f temperatures a n d 
temperature differentials, etc. 

! 4b.353 Controls, (a) All cockpit 
controls shall be located to provide con
venience in operation and in a manner 
tending to prevent confusion and Inad
vertent operation. (See also 5 4b.737.) 

(b) The direction of movement of 
controls shall be according to figures 
4b-16 and 4b-17. Wherever practicable 
the sense of motion involved in the oper
ation of other controls shall correspond 
with the sense of the effect of the oper
ation upon the airplane or upon the part 
operated. All controls of a variable na
ture employing a rotary motion shall 
move clockwise from the oft position, 
through an increasing range, to the full 
on position. 

(cl The controls shall be so located 
and arranged with respect to the pilots' 
seats that there exists full and unre
stricted movement of each control with
out interference from either the cockpit 
structure or the pilots' clothing when 
seated with the seat belt fastened. This 
shall be demonstrated for individuals 
ranging from 5' 2" to 6' 0" in height. 

(d) Identical powerplant controls for 
each engine shall be located to prevent 
any misleading impression as to the en
gine to which they relate. 

Controls Movement and actuation 

Powerplant 

Throttles 

M i x t u r e . __ 
Carhoretor air heat-. 
Supercharger - . . , 

Forward to Increase forward 
thrust and rearward to Increase 
rearward thrust. 

Forward to increase rpm. 
Forward or upward for rich. 
Forward or Upward for cold. 
F o r w a r d or upward for low 

blower. I n the case of turbo* 
superchargers, forward, upward, 
or clockwise U> increase pressure. 

Auxi l iary 

Landing gear D o w n to extend. 

Fiauais 4b-17—POWERPLANT AND AUXILIARY CONTROU, 

(e) The wing flap (or auxiliary lift 
device) and landing gear controls shall 
comply with the following: 

(1) The wing flap control shall be 
located on top of the pedestal aft of the 



throttle(s>, centrally or to the right of 
the pedestal centexline and shall be not 
less than 10 inches aft of the landing 
gear control. 

(2) The landing gear control shall be 
located to the left of the pedestal center-
line. 

(f) The control knobs shall be shaped 
in accordance with Figure 4b-22, and 
such knobs shall be of the same color, 
but of a color In contrast with that of 
not only the other control knobs but 
also the surrounding cockpit. 

NOTE: Figure 4b-S2 is not intended to 
indicate trie exact size or proportion of the 
control knobs, 

(g) Where the work load on the flight 
crew is such as to require a flight engi
neer (see 5 4b. 720), a flight engineer sta
tion shall be provided. The station shall 
be so located and arranged that the flight 
crew members can perform their func
tions efficiently and without interfering 
with each other. 

5 4b.354 Instrument arrangement, 
(See 3 4b.611.) 

S 4b,355 Instrument marking. (The 
operational markings, instructions, and 
placards required for the Instruments, 
controls, etc., are specified in 55 4b.730 
through 4b.738.) 

8 4b.356 Doors, (a) Airplane cabins 
shall be provided with at least one easily 
accessible external door. 

(b) Means shall be provided for lock
ing each external door and for safe
guarding against opening in flight either 
Inadvertently by persons or as a result 
of mechanical failure. I t shall be pos
sible to open external doors from either 
the inside or the outside even though 
persons may be crowding against the 
door from the Inside. The means of 
opening shall be simple and obvious and 
shall be so arranged and marked that 
it can be readily located and operated 
even in darkness, 

(c) Reasonable provisions shall be 
made to prevent the jamming of any ex
ternal door as a result of fuselage de
formation in a minor crash, 

(d) External doors shall be so located 
that persons using them will not be en
dangered by the propellers when appro
priate o p e r a t i n g procedures are 
employed. 

(e) Means shall be provided for a di
rect visual inspection of the locking 
mechanism by crew members to ascer
tain whether all external doors, includ
ing passenger, crew, service, and cargo 
doors, are fully locked (see also 5 4b.362 
(e) (5) for emergency exits). In addi
tion, visual means shall be provided to 
signal to appropriate crew members that 
all normally used external doors are 
closed and in the fully locked position. 

} 4b.357 Door louvres. Where internal 
doors are equipped with louvres or other 
ventilating means, provision convenient 
to the crew shall be made for stopping 
the flow of air through the door when 
such action is found necessary. 

9 4b,358 Seats, berths, and safety 
belts—(a) General. At all stations des
ignated as occuplable during take-off 
and landing, the seats, berths, belts, 
harnesses, and adjacent parts of the air

plane shall be such that a person mak
ing proper use of these facilities will 
not suffer serious injury in the emergency 
landing conditions as a result of Inertia 
forces specified in § 4b.260. Seats and 
berths shall be of an approved type (see 
also § 4b,643 concerning safety belts). 

(b) Arrangement. (1) Passengers 
and crew shall be afforded protection 
from head injuries by one of the follow
ing means: 

(1) Safety belt and shoulder harness 
which will prevent the head from con
tacting any injurious object, 

(ii) Safety belt and the elimination of 
aU injurious objects within striking ra 
dius of the head, 

(iii) Safety belt and a cushioned rest 
which will support the arms, shoulders, 
head, and spine. 

(2) For arrangements which do not 
provide a firm hand hold on seat backs, 
hand grips or rails shall be provided 
along aisles to enable passengers or crew 
members to steady themselves while 
using the aisles In moderately rough air. 

(3) All projecting objects which would 
cause injury to persons seated or moving 
about the airplane in normal flight shall 
be padded. 

(c) Strength. All seats and berths 
and their supporting structure shall be 
designed for occupant weight of 170 
pounds with due account taken of the 
maximum load factors, inertia forces, 
and reactions between occupant, seat, 
and safety belt or harness corresponding 
with all relevant flight and ground load 
conditions, including the emergency 
landing conditions prescribed in 5 4b.260. 
In addition, the following shall apply. 

(1) Pilot seats shall be designed for 
the reactions resulting from the applica
tion of pilot forces to the flight controls 
as prescribed in § 4b.224. 

(2) In determining the strength of the 
seat or berth attachments to the struc
ture, and the safety belt or shoulder 
harness attachments to the seat, berth, 
or structure, the Inertia forces specified 
in § 4b.260 (a) shall be multiplied by a 
factor of 1.33. 

S4b.359 Cargo and baggage com
partments. (See also 5 5 4b.382 to 4b.384.) 

(a) Each cargo and baggage compart
ment shall be designed for the placarded 
maximum weight of contents and the 
critical load distributions at the appro
priate maximum load factors corre
sponding with all specified flight and 
ground load conditions, excluding the 
emergency landing conditions of 5 4b.260. 

(b) Provisions shall be mftde to pre
vent the contents in the compartments 
from becoming a hazard by shifting 
under the loads specified In paragraph 
(a) of this section. 

(c) Provisions shall be made to pro
tect the passengers and crew from in
jury by the contents of any com
partment, taking into account the 
emergency landing conditions of 5 4b.260. 

EMERGENCY PROVISIONS 

S 4b.360 General. The requirements 
of 55 4b.361 and 4b.362, shall apply to the 
emergency provisions. 

9 4b.961 Ditching. Compliance with 
this section is optional. The require
ments of this section are intended to 

safeguard the occupants in the event of 
an emergency landing during overwater 
flight. When compliance is shown with 
the provisions of paragraphs -(a) through 
(c) of this section and with the provi
sions of 55 4b.362 (d), 4b.645, and 4b.646. 
the type certificate shall include certifi
cation to that effect. When an airplane 
is certificated to include ditching pro
visions, the recommended ditching pro
cedures established on the basis of these 
requirements shall be set forth in the 
Airplane Flight Manual (see 5 4b.742 
(d) ) . 

(a) All practicable design measures 
compatible with the general character
istics of the type airplane shall be taken 
to minimize the chance of any behavior 
of the airplane in an emergency land
ing on water which would be likely to 
cause immediate injury to the occu
pants or to make it impossible for them 
to escape from the airplane. The prob
able behavior of the airplane in a water 
landing shall be investigated by model 
tests or by comparison with airplanes of 
similar configuration for which the 
ditching characteristics are known. I n 
this investigation account shall be taken 
of scoops, flaps, projections, and all 
other factors likely to affect the hydro-
dynamic characteristics of the actual 
airplane. 

(b) It shall be shown that under rea
sonably probable water conditions the 
flotation time and trim of the airplane 
will permit all occupants to leave the air
plane and to occupy the life rafts re
quired by 5 4b.645. If compliance with 
this provision is shown by buoyancy and 
trim computations, appropriate allow
ances shall be made for probable struc
tural damage and leakage. 

NOTE : I n the case of fuel tanks w h i c h are 
equipped w i t h fuel jett isoning provisions 
and which can be reasonably expected to 
withstand a d i tching without leakage, the 
JettlEonable volume of fuel may be con
sidered as buoyancy volume. 

(c) External doors and windows shall 
be designed to withstand the probable 
maximum local pressures, unless the 
effects of the collapse of such parts are 
taken into account In the Investigation 
of the probable behavior of the airplane 
in a water landing as prescribed in para
graphs (a) and (b) of this section. 

§ 4b.362 Emergency evacuation. Crew 
and passenger areas shall be provided 
with emergency evacuation means to 
permit rapid egress in the event of 
crash landings, whether with the landing 
gear extended or retracted, taking ac
count of the possibility of the airplane 
being on fire. The provisions of this 
section shall apply to airplanes where 
the major portion of the passenger area 
is aft of the powerplant and the fuel 
tanks. In airplanes where the major 
portion of the passenger area is forward 
of the powerplant and the fuel tanks, or 
in airplanes of unconventional design 
where the emergency exit locations pre
scribed in paragraph (b) of this section 
would be inconsistent with safe and rapid 
egress of passengers, variations of emer
gency exit locations shall be allowed if 
found appropriate by the Administrator. 
Passenger entrance, crew, and service 
doors shall be considered as emergency 
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exits if they meet the applicable require
ments of this section. 

(a) Flight crew emergency exits. 
Plight crew emergency exits shall be lo
cated in the flight crew area on both 
sides of the airplane or as a top hatch to 
provide for rapid evacuation. Such exits 
shall not be required on small airplanes 
where the Administrator finds that the 
proximity of passenger emergency exits 
to the flight crew area renders them 
convenient and readily accessible to the 
flight crew. 

(b) Passenger emergency exits; type 
and location. The types of exits and 
their location shall be as follows: 

(1) Type I : A rectangular opening of 
not less than 24 inches wide by 48 inches 
high, with corner radii not greater than 
4 inches, located as far aft in the pas
senger area as practicable in the side of 
the fuselage at floor level, 

(2) Type I I : Same as Type I (sub
paragraph (1) of this paragraph) except 
that the opening is not less than 20 inches 
Wide by 44 inches high. 

(3) Type ni: A rectangular opening 
of not less than 20 inches wide by 36 
inches high, with corner radii not greater 
than 4 inches, located as far aft in the 
passenger area as practicable in the 
side of the fuselage. 

(4) Type IV: A rectangular opening 
of not less than 19 inches wide by 26 
inches high, with corner radii not 
greater than 4 inches, located over the 
wing in the side of the fuselage with a 
step-up inside the airplane of not more 
than 29 inches and a step-down outside 
the airplane of not more than 36 inches. 

N o r a : Larger openings t h a n those specified 
i n paragraph (b) of this section wi l l be a c 
ceptable, whether or not Of rectangular shape, 
provided the specified rectangular openings 
c a n be Inscribed therein, and further pro
vided t h a t the base of the opening affords a 
flat surface not less t h a n the width specified. 

(c) Passenger emergency exits; num
ber required. Emergency exits of type 
and location prescribed in paragraph (b) 
of this section shall be accessible to the 
passengers and shall be provided on each 
side of the fuselage in accordance with 
the following: 

Emergency exits required on 
each side of Fuselage 

capacity 
T y p e 

I 
T y p e 

I I 
T n » 

i n 
T y p e 

I V 

i 
Hi to 39 tocluslvo 1 1 
40 to 60 Inclusive 1 1 
70 to 99 inclusive 1 2 
100 to 139 inclusive— 2 a 100 to 139 inclusive— 

For airplanes with a passenger capacity 
of over 139 there shall be, in addition to 
the emergency exits prescribed for a 
passenger seating capacity of 100 to 139, 
Inclusive, on each side of the fuselage, 
one Type I emergency exit for additional 
passengers up to 50, these exits to be 
located at such strategic points as would 
contribute most to the safe evacuation of 
passengers. 

NOTE: Although s imi lar exits and their 
locations are prescribed for each side of the 
fuselage. I t Is not the Intent of this regula
t ion to require that the exits necessarily be 
a t locations diametrically opposite each 
other. 

(d) Ditching emergency exits. Air
planes certificated in accordance with 
the ditching provisions of 5 4b.261 shall 
be shown to have, on each side of the 
fuselage, not less than one emergency 
exit located above the water line for 
every 35 passengers: Provided. That for 
the purposes of this paragraph an easily 
accessible overhead hatch of not less 
than the clear dimensions of Type HE 
emergency exits (see p a r a g r a p h <b) ( 3 ) 
of this section) shall be considered 
equivalent to one emergency exit on each 
side. 

(e) Emergency exit arrangement. (1) 
Emergency exits shall consist of movable 
doors or hatches in the external walls of 
the fuselage and shall provide an unob
structed opening to the outside. 

(2) All emergency exits shall be 
openable from the inside and from the 
outside. 

<3) The means of opening emergency 
exits shall be simple and obvious and 
shall not require exceptional effort of a 
person opening them. 

(4) Means shall be provided for lock
ing each emergency exit and for safe
guarding against opening in flight either 
inadvertently by persons or as a result 
of mechanical failure. 

(5) Means shall be provided for a di
rect visual inspection of the locking 
mechanism by crew members to ascer
tain whether all emergency exits are 
fully locked. 

(6) Provision shall be made to mini
mize the possibility of jamming of 
emergency exits as a result of fuselage 
deformation in a minor crash landing. 

(7) For all landplane emergency exits 
other than Type IV (see paragraph (b) 
of this section) which are more than a 
feet from the ground with the airplane 
on the ground and the landing gear ex
tended, means shall be provided to assist 
the occupants in descending to the 
ground. 

(8) The proper functioning of emer
gency exit installations shall be demon
strated by test. 

(f) Emergency exit marking. (1) All 
emergency exits, their means of access, 
and their means of opening shall be 
marked conspicuously. The identity and 
location of emergency exits shall be rec
ognizable from a distance equal to the 
width of the cabin. The location of the 
emergency exit operating handle and the 
Instructions for opening shall be marked 
on or adjacent to the emergency exit 
and shall be readable from a distance of 
30 inches. 

(2) A source or sources of light, with 
an energy supply independent of the 
main lighting system, shall be Installed 
to illuminate all emergency exit mark
ings. Such lights shall be designed to 
function automatically in a crash land
ing and shall also be operable manually. 

(3) All emergency exits and their 
means of opening shall be marked on the 
outside of the airplane for guidance of 
rescue personnel, 

(g) Emergency exit access. Passage
ways between individual compartments 
of the passenger area and passageways 
leading to Type I and Type II emer
gency exits (see paragraph (b) of this 
section) shall be unobstructed and shall 
be not less than 20 inches wide. Adja
cent to emergency exits where assisting 

means are required by paragraph (e) (7) 
of this section, there shall be sufficient 
additional space to allow a crew member 
to assist in the evacuation of passengers 
without reduction in the unobstructed 
width of the passageway to such exit. 

(h) Width of main aisle. The main 
passenger aisle at any point between 
seats shall not be less than 15 inches 
wide up to a height above the floor of 
25 inches and not less than 20 inches 
wide above that height. 

VENTILATION, HEATING, AND 

PRESSURIZATION 

5 4b.370 General. The requirements 
of §§ 4b.371 through 4b.376 shall apply to 
the ventilation,'heating, and pressuriza
tion of the aircraft. 

14b.371 Ventilation, (a) All crew 
compartments shall be ventilated by 
providing a sufficient amount of fresh 
air to enable the crew members to per
form their duties without undue dis
comfort or fatigue. 

NOTE: A n outside air supply of approxi
mately 10 cubic feet per minute is con
sidered a m i n i m u m for each crew member. 

(b) Ventilating air in crew and pas
senger compartments shall be free of 
harmful or hazardous concentrations of 
gases or vapors. 

NOTE: Carbon monoxide concentrations I n 
excess of one part i n 20,000 parte of air are 
considered hazardous. Carbon dioxide i n 
excess of S percent by volume (sea level 
equivalent) i s considered hazardous in the 
case of crew members. Higher concentra
tions of carbon dioxide may not necessarily 
be hazardous I n crew compartments i f 
appropriate protective breathing equipment 
Is available. 

(c) Provision shall be made to Insure 
the conditions prescribed in paragraph 
(b) of this section in the event of reason
ably probable failures or malfunctioning 
of the ventilating, heating, pressuriza
tion, or other systems and equipment. 

NOTE: Examples of acceptable provisions 
Include secondary isolation, integral pro
tective devices, a n d crew warning and shut -
on for equipment the malfunct ioning of 
w h i c h could introduce harmful or hazardous 
quantit ies of smoke or gases. 

(d) Where partitions between com* 
partments are equipped with louvres or 
other means allowing air to flow between 
such compartments, provision conveni
ent to the crew shall be made for stop
ping the flow of air through the louvres 
or other means when such action Is 
found necessary. (See also ! 4b.357.) 

(e) Means shall be provided to enable 
the crew to control the temperature and 
quantity of ventilating air supplied to 
the crew compartment independently of 
the temperature and quantity of ven
tilating air supplied to other compart
ments. 

S 4b.372 Heating systems. Combus
tion heaters shall be of an approved type 
and shall comply with the fire protection 
requirements of 8 4b.386. Engine ex
haust heaters shall comply with the pro
visions of | 4b.467 (c) and (d). 

i 4b.373 Pressurised cabins; general. 
The design of pressurized cabins shall 
comply with the requirements of 
§§ 40.374 through 4b.376. (See also 
55 4b.2I6 (c) and 4b.352.) 

27 



* 4b.374 Pressure supply. (See § 4b.477 
(O.) 

J 4b.375 Pressure control. Pressur-
ized cabins shall be provided with at least 
the following valves, controls, and indi
cators for controlling cabin pressure. 

(a) Two pressure relief valves, at least 
one of which is the normal regulating 
valve, shall be installed to limit auto
matically the positive pressure differen
tial to a predetermined value at the 
maximum rate of flow delivered by the 
pressure source. ITie comoined capacity 
of the relief valves shall be such that 
the failure of any one valve would not 
cause an appreciable rise in the pressure 
differential. The pressure differential 
shall be considered positive when the in
ternal pressure is greater than the ex
ternal. 

(b) Two reverse pressure differential 
relief valves (or equivalent) shall be in
stalled to prevent automatically a nega
tive pressure differential which would 
damage the structure, except that one 
such valve shall be considered sufficient 
if it is of a design which reasonably pre
cludes its malfunctioning. 

(c) Means shall be provided by which 
the pressure differential can be rapidly 
equalized. 

(d) An automatic or manual regu
lator for controlling the Intake and/or 
exhaust air flow shall be installed so that 
the required internal pressures and air 
flow rates can be maintained. 

(e) Instruments shall be provided at 
the pilot or flight engineer station show
ing the pressure differential, the abso
lute pressure in the cabin, and the rate 
of change of the absolute pressure. 

(f) Warning indication shall be pro
vided at the pilot or flight engineer sta
tion to indicate when the safe or preset 
limits on pressure differential and on 
absolute cabin pressure are exceeded. 

(g) If the structure is not designed 
for pressure differentials up to the 
maximum relief valve setting in combi
nation with landing loads (see 5 4b.216 
(c>), a warning placard shall be placed 
at the pilot or flight engineer station. 

5 4b,276 Testa—(a) Strength test. 
The complete pressurized cabin. Includ
ing doors, windows, and all valves, shall 
be tested as a pressure vessel for the 
pressure differential specified in 5 4b.216 
(c) (3). 

(b) Functional tests. The following 
functional tests shall be performed. 

(1) To simulate the condition of regu
lator valves closed, the functioning and 
the capacity shall be tested of the posi
tive and negative pressure differential 
valves and of the emergency release 
valve, 

(2) All parts of the pressurizatlon 
system shall be tested to show proper 
functioning under all possible conditions 
of pressure, temperature, and moisture 
up to the maximum altitude selected 
for certification. 

(3) Flight tests shall be conducted to 
demonstrate the performance of the 
pressure supply, pressure and flow regu
lators, indicators, and warning signals 
in steady and stepped climbs and de
scents at rates corresponding with the 
maximum attainable without exceeding 

the operating limitations of the airplane 
up to the maximum altitude selected for 
certification. 

<4) All doors and emergency exits 
shall be tested to ascertain that they 
operate properly after being subjected 
to the flight tests prescribed in sub
paragraph (3) of this paragraph. 

F I R E P R O T E C T I O N 

5 4b.380 General. Compliance shall 
be shown with the Are protection require
ments of §§ 4b.381 through 4b.386. (See 
also §§ 4b.480 through 4b.490.) In addi
tion, the following shall apply. 

(a) Hand fire extinguishers. Hand 
lire extinguishers shall be of an approved 
type. The types and quantities of ex
tinguishing agents shall be appropriate 
for the types of fires likely to occur in 
the compartments where the extinguish
ers are intended for use. Extinguishers 
intended for use in personnel compart
ments shall be such as to minimize the 
hazard of toxic gas concentrations. 

(b) Built-in fire extinguishers. Where 
a built-in fire extinguishing system is 
required, its capacity in relation to the 
compartment volume and ventilation 
rate shall be sufficient to combat any fire 
likely to occur in the compartment. All 
built-in fire extinguishing systems shall 
be so installed that any extinguisher 
agent likely to enter personnel compart
ments will not be hazardous to the occu
pants and that discharge of the ex
tinguisher cannot result in structural 
damage. (See also 1 4b.371.) 

(c) Protective breathing equipment. 
If the airplane contains Class A or B 
cargo compartments (see § 4b.383), pro
tective breathing equipment shall be In
stalled for the use of appropriate crew 
members. (See § 4b.651 (h).) 

5 4b.38l Cabin interiors. ATI com
partments occupied or used by the crew 
or passengers shall comply with the fol
lowing provisions. 

(a) The materials in no case shall be 
less than flash-resistant. 

(b) The wall and ceiling linings, the 
covering of all upholstering, floors, and 
furnishings shall be flame-resistant. 

(c) Compartments where smoking Is 
to be permitted shall be equipped with 
ash trays of the self-contained type 
which are completely removable. All 
other compartments shall be placarded 
against smoking. 

(d) All receptacles for used towels, 
papers, and waste shall be of fire-resist
ant material, and shall incorporate 
covers or other provisions for contain
ing possible fires. 

(e) At least one hand fire extinguisher 
shall be provided for use by the flight 
crew. 

(f > In addition to the requirements of 
paragraph (e) of this section at least the 
following number of hand fire extin
guishers conveniently located for use in 
passenger compartments shall be pro
vided according to the passenger capac
ity of the airplane: 

Minimum number 
of pre 

Passenger c a p a c i t y : extinguishers 
6 or less 0 
7 t h r o u g h 30 1 
3 1 t h r o u g h 60 . 2 
6 1 o r m o r e 3 

! 4b. 382 Cargo and baggage compart
ments, (a) Cargo and baggage com
partments shall include no controls, 
wiring, lines, equipment, or accessories 
the damage or failure of which would 
affect the safe operation of the airplane, 
unless such Items are shielded, isolated, 
or otherwise protected so that they can
not be damaged by movement of cargo 
in the compartment, and so that any 
breakage or failure of such item will not 
create a fire hazard. 

(b) Provision shall be made to pre
vent cargo or baggage from interfering 
with the functioning of the fire-protec
tive features of the compartment. 

(c) All materials used In the construc
tion of cargo or baggage compartments, 
including tie-down equipment, shall be 
flame-resistant. 

$ 4b.383 Cargo compartment classifi
cation. All cargo and baggage compart
ments shall include provisions for safe
guarding against fires according to the 
following classification. 

(a) Class A. Cargo and baggage 
compartments shall be classified as "A" 
if the presence of a possible fire therein 
would be easily discernible to a member 
of the crew while at his station, and if 
all parts of the compartment are easily 
accessible in flight. A hand fire extin-
gusher shall be available for each com
partment. (See S 4b,380 (c) for protec
tive breathing requirements.) 

(b) Class B. Cargo and baggage 
compartments shall be classified as "B" 
if sufficient access is provided while in 
flight to enable a member of the crew to 
move by hand all contents and to reach 
effectively all parts of the compartment 
with a hand fire extinguisher. Compli
ance shall be shown with the following: 

(1) The design of the compartment 
shall be such that, when the access pro
visions are being used, no hazardous 
quantity of smoke, flames, or extinguish
ing agent will enter any compartment 
occupied by the crew or passengers. (See 
§ 4b.380 (c) for protective breathing re
quirements.) 

(2) Each compartment shall be 
equipped with a separate system of an 
approved type smoke detector or fire 
detector other than a heat detector to 
give warning at the pilot or flight engi
neer station, 

(3) Hand fire extinguishers shall be 
readily available for use In each com
partment. 

(4) The compartment shall be com
pletely lined with fire-resistant material. 

(c) Class C. Cargo and baggage 
compartments shall be classified as "C" 
if they do not conform to the prerequi
sites for the "A" or "B" classifications. 
Compliance shall be shown with the 
following. 

(I) Each compartment shall be 
equipped with: 

(1) A separate system of an approved 
type smoke detector or fire detector other 
than heat detector to give warning at the 
pilot or flight engineer station, and 

(II) An approved built-in fire-extin
guishing system controlled from the pilot 
or flight engineer station. 

(2) Means shall be provided to ex
clude hazardous quantities of smoke, 
flames, or extinguishing agent from en-
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tering into any compartment occupied 
by the crew or passengers. 

(3) Ventilation and drafts shall be 
controlled within each compartment so 
that the extinguishing agent provided 
can control any fire which may start 
within the compartment. 

(4) The compartment shall be com
pletely lined with fire-resistant material. 

(d) Class D . Cargo and baggage com
partments shall be classified as "D" if 
they are so designed and constructed that 
a fire occurring therein will be completely 
confined without endangering the safety 
of the airplane or the occupants. Com
pliance shall be shown with the 
following. 

( 1 ) Each compartment shall be 
equipped with an approved type smoke 
detector or fire detector other than heat 
detector to give warning at the pilot or 
flight engineer station. 

(2) Means shall be provided to ex
clude hazardous quantities of smoke, 
flames, or other noxious gases from en
tering into any compartment occupied 
by the crew or passengers. 

(3) Ventilation and drafts shall be 
controlled within each compartment so 
that, any fire likely to occur in the com
partment will not progress beyond safe 
limits. 

NOTE: For compartments having a volume 
not in excess of BOO cu. ft. an airflow of not 
more than 1,600 cu. ft. per hour is considered 
acceptable. Pox larger compartments lesser 
airflow may be applicable. 

(4) The compartment shall be com
pletely lined with fire-resistant material. 

(5) Consideration shall be given to 
the effect of heat within the compart
ment on adjacent critical parts of the 
airplane. 

! 4b.384 Proof of compliance, (a) 
Compliance with those provisions of 
5 4b. 383 which refer to compartment ac
cessibility, to the entry of hazardous 
quantities of smoke or extinguishing 
agent into compartments occupied by the 
crew or passengers, and to the dissipa
tion of the extinguishing agent in 
class C compartments shall be demon
strated by tests in flight 

(b) It shall also be demonstrated 
during the tests prescribed in paragraph 
(a) of this section that no inadvertent 
operation of smoke or fire detectors in 
adjacent or other compartments within 
the airplane would occur as a result of 
fixe contained in any one compartment, 
either during or after extinguishment, 
unless the extinguishing system floods 
such compartments simultaneously. 

§ 4b.385 Flammable fiuM fire protec
tion. In areas of the airplane where 
flammable fluids or vapors might be 
liberated by leakage or failure in fluid 
systems, design precautions shall be 
made to safeguard against the Ignition 
of such fluids or vapors due to the oper
ation of other equipment, or to control 
any fire resulting from such ignition. 

5 4b.38G Combustion heater fire pro
tection—(a) Combustion heater fire 
zones. The following shall be considered 
as combustion heater fire zones and shall 
be protected against fire in accordance 
With applicable provisions of IS 4b,480 
through 4b.48G and J 4b.489. 

(1) Region surrounding the heater, if 
such region contains any flammable 
fluid system components other than the 
heater fuel system which might be dam
aged by heater matf unctioning or which, 
in case of leakage or failure, might per
mit flammable fluids or vapors to reach 
the heaters. 

(2) Region surrounding the heater, if 
the heater fuel system incorporates fit
tings the leakage of which would permit 
fuel or vapors to enter this region. 

(3) That portion of the ventilating air 
passage which surrounds the combus
tion chamber. 

(b) Ventilating air ducts. CI) Ven
tilating air ducts which pass through fire 
zones shall be of fireproof construction. 

(2) Unless isolation is provided by the 
use of fireproof valves or other equiva
lents effective means, the ventilating air 
duct downstream of the heater shall be 
of fireproof construction for a sufficient 
distance to assure that any fire originat
ing from within the heater can be con
tained within the duct. 

(3) Portions of ventilating ducts 
passing through regions in the airplane 
where flammable fluid systems are 
located shall be so constructed or iso
lated from such systems that failure or 
malfunctioning of the flammable fluid 
system components cannot introduce 
flammable fluids or vapors Into the ven
tilating alrstream. 

(c) Combustion air ducts. (1) Com
bustion air ducts shall be of fireproof 
construction for a distance sufficient to 
prevent damage from backfiring or re
verse flame propagation. 

(2) Combustion air ducts shall not 
communicate with the ventilating air-
stream unless it is demonstrated that 
flames from backfires or reverse burning 
cannot enter the ventilating alrstream 
under any conditions of ground or flight 
operation including conditions of reverse 
flow or malfunctioning of the heater or 
its associated components. 

(3) Combustion air ducts shall not 
restrict prompt relief of backfires which 
can cause heater failure due to pressures 
generated within the heater. 

(d) Heater controls; general. Pro
vision shall be made to prevent haz
ardous accumulations of water or Ice on 
or within any heater control components, 
control system tubing, or safety controls. 

(e) Heater safety controls. (1) In 
addition to the components provided for 
normal continuous control of air tem
perature, air flow, and fuel flow, means 
independent of such components shall 
be provided with respect to each heater 
to shut off automatically that heater's 
ignition and fuel supply at a point re
mote from the heater when the heat 
exchanger temperature or ventilating air 
temperature exceed safe limits or when 
either the combustion air flow or the 
ventilating air flow becomes Inadequate 
for safe operation. The means provided 
for this purpose for any individual heater 
shall be independent of all components 
serving other heaters the heat output of 
which is essential to the safe operation 
of the airplane. 

(2) Warning means shall be provided 
to indicate to the crew when a heater, 
the heat output of which is essential to 
the safe operation of the airplane, baa 

been shut off by the operation of the 
automatic means prescribed in subpara
graph (1) of this paragraph. 

(f) Air intakes. Combustion and ven
tilating air intakes shall be so located 
that no flammable fluids or vapors can 
enter the heater system under any con
ditions of ground or flight operation 
either during normal operation or as a 
result of malfunctioning, failure, or im
proper operation of other airplane com
ponents. 

(g) Heater exhaust. Heater exhaust 
systems shall comply with the provisions 
of 5 4b.467 (a) and <b>. In addition, 
the following shall apply: 

CI) Exhaust shrouds shall be sealed 
so that flammable fluids and hazardous 
quantities of vapors cannot reach the 
exhaust systems through joints. 

(2) Exhaust systems shall not restrict 
the prompt relief of backfires which can 
cause heater failure due to pressures 
generated within the heater. 

(h) Heater fuel systems. Heater fuel 
systems shall comply with all portions of 
the powerplant fuel system requirements 
which affect safe heater operations. In 
addition, heater fuel system components 
within the ventilating alrstream shall be 
protected by shrouds so that leakage 
from such components cannot enter the 
ventilating alrstream. 

<1) Drains. Means shall be provided 
for safe drainage of fuel* accumulations 
which might occur within the combus
tion chamber or the heat exchanger. 
Portions of such drains which operate at 
high temperatures shall be protected in 
the same manner as heater exhausts (see 
paragraph (g) of this section). Drains 
shall be protected against hazardous ice 
accumulations in flight and during 
ground operation. 

M I S C E L L A N B O t T S 

S 4b.390 Reinforcement near pro
pellers. Portions of the airplane near 
propeller tips shall have sufficient 
strength and stiffness to withstand the 
effects of the induced vibration and of 
Ice thrown from the propeller, Win
dows shall not be located in such regions 
unless shown capable of withstanding 
the most severe ice impact likely to occur, 

S 4b.391 Leveling marks. Reference 
marks shall be provided for use In level
ing the airplane to facilitate weight and 
balance determinations on the ground. 

SUBPART E—-POWERPLANT INSTALLATION 

I N S T A L L A T I O N 

5 4b.400 General. The powerplant 
Installation shall be considered to In
clude all components of the airplane 
which are necessary for its propulsion. 
It shall also be considered to include all 
components which affect the control of 
the major propulsive units or which 
affect their safety of operation between 
normal inspections or overhaul periods. 
(See §5 4b.604 and 4b.613 for Instrument 
installation and marking.) 

(a) Scope. Reciprocating engine in
stallations shall comply with the provi
sions of this subpart. Turbine engine in
stallations shall comply with such of the 
provisions of this subpart ss are found 
applicable to the specific type of installa
tion. 



fb) Functioning. All components of 
the powerplant Installation shall be con
structed, arranged, and installed in a 
manner which will assure their con
tinued safe operation between normal 
Inspections or overhaul periods. 

(c> Accessibility. Accessibility shall 
be provided to permit such inspection 
and maintenance as is necessary to as
sure continued airworthiness. 

(d) Electrical bonding. Electrical 
Interconnections shall be provided to 
prevent the existence of differences of 
potential between major components of 
the powerplant installation and other 
portions of the airplane, 

5 4b.401 Engines—(v.} Type certifi
cation. All engines shall be type certifi
cated In accordance with the provisions 
of Fart 13 of this subchapter. 

(b) Engine isolation. The power-
plants shall be arranged and isolated 
each from the other to permit operation 
in at least one configuration In a manner 
such that the failure or malfunctioning 
of any engine, or of any system of 
the airplane the failure of which can 
affect an engine, will not prevent the 
continued safe operation of the remain
ing engine(s) or require immediate ac
tion by a crew member for continued 
safe operation. 

(c) Control of engine rotation. Means 
shall be provided for stopping and re
starting the rotation of any engine in
dividually in flight. All components pro
vided for this purpose which are located 
on the engine side of the Are wall and 
which might be exposed to fire shall be 
of flre-resistont construction. If hy
draulic propeller feathering systems are 
used for this purpose, the feathering 
lines on all airplanes manufactured af
ter June 30, 1954, shall be fire-resistant 
under the operating conditions which 
may be expected to exist when feather
ing is being accomplished. (See also 
S 4b.449J 

! 4b.402 Propellers. Propellers shall 
be type certificated In accordance with 
the provisions of Fart 14 of this sub
chapter. The maximum propeller 
shaft rotational speed and the engine 
power permissible for use in the airplane 
shall not exceed the corresponding 
limits for which the propeller has been 
certificated. 

5 4b.403 Propeller vibration. The 
magnitude of the propeller blade vibra
tion stresses under all normal conditions 
of operation shall be determined by 
actual measurement or by comparison 
with similar Installations for which such 
measurements have been made. The 
vibration stresses thus determined shall 
not exceed values which have been dem
onstrated to be safe for continuous 
operation. 

5 4b.404 Propeller pitch and speed 
limitations. (a> The propeller pitch and 
speed shall be limited to values which 
will assure safe operation under all nor
mal conditions and which will assure 
compliance with the performance re
quirements specified In S3 4b.110 through 
4b. 125. 

(b) A propeller speed limiting means 
shall be provided at the governor. Such 
means shall be set to limit the maximum 

possible governed engine speed to a value 
not exceeding the maximum permis
sible T. p. m. 

(c) The low pitch blade stop In the 
propeller, or other means used to limit 
the low pitch position, shall be set so 
that the propeller speed does not exceed 
103 percent of the maximum permissible 
engine r. p. m. under the following con
ditions: 

(1) Propeller blades at the low pitch 
limit and governor inoperative, and 

<2) Engine operating at take-off mani
fold pressure with the airplane stationary 
under standard atmospheric conditions. 

8 4b,405 Propeller clearance. With 
the airplane loaded to the maximum 
weight and at the most adverse center 
of gravity position and the propellers In 
the most adverse pitch position, the 
propeller clearances shall not be less 
than the following, unless smaller clear
ances are substantiated for the particu
lar design involved. 

(a) Ground. Seven inches of ground 
clearance for airplanes equipped with 
nose-wheel type landing gears, or nine 
inches of ground clearance for airplanes 
equipped with tall-wheel type landing 
gears shall be provided with the landing 
gear statically deflected and the airplane 
in the level take-off or In the taxying at
titude, whichever is most critical. In 
addition, there shall be positive clear
ance between the propeller and the 
ground when, with the airplane In the 
level take-off attitude, the critical tire 
is completely deflated and the corres
ponding landing gear strut Is completely 
bottomed. 

<b> Water. A water clearance of 18 
inches shall be provided unless compli
ance with § 4b.182 (a) is demonstrated 
with less clearance. 

(c) Structure. (1) One Inch radial 
clearance shall be provided between the 
blade tips and the airplane structure, 
or whatever additional radial clearance 
Is necessary to preclude harmful vibra
tion of the propeller or airplane. 

(2) One-half inch longitudinal clear
ance shall be provided between the pro
peller blades or cuffs and all stationary 
portions of the airplane. 

(3) Positive clearance shall be pro
vided between other rotating portions of 
the propeller or spinner and all station
ary portions of the airplane. 
[ C A R , 15 F . R. 3543, J u n e 8, 1950, as a m e n d e d 
b y A m d t . 4b -7 , H P. B . 11631, Dec. 20, 1953] 

5 4b,408 Propeller de-icing provisions. 
(a) Airplanes intended for operation un
der atmospheric conditions conducive to 
the formation of ice on propellers or on 
accessories where ice accumulation 
would jeopardize engine performance 
shall be provided with means for the 
prevention or removal of hazardous ice 
accumulations. 

(ft) If combustible fluid Is used for 
propeller de-icing, the provisions of 
31 4b.480 through 4b.483, inclusive, shall 
be complied with. 
FUEL SYSTEM OPERATION AND ARHANGEMXHT 

S 4b.410 General, (a) The fuel sys
tem shall be constructed and arranged 
in such a manner as to assure a flow of 
fuel to each engine at a rate and pressure 
which have been established for proper 

engine functioning under all normal 
conditions, including all maneuvers for 
which the airplane is Intended. (For 
fuel system instruments see § 4b.604.) 

(b) The fuel system shall be so ar
ranged that no one fuel pump ean draw 
fuel from more than one tank at a time 
unless means are provided to prevent 
introducing air into the system. 

I 4b.411 Fuel system independence. 
The design of the fuel system shall com* 
ply with the requirements of j 4b.401 (b). 
Unless other provisions are made in com
pliance with this requirement, the fuel 
system shall be arranged to permit the 
supply of fuel to each engine through a 
system independent of any portion of a 
system supplying fuel to any other 
engine. 

5 4b.4l3 Pressure cross-feed arrange
ments, (a) Pressure cross-feed lines 
shall not pass through portions of the 
airplane Intended to carry personnel or 
cargo, unless means are provided to per
mit the flight personnel to shut off the 
supply of fuel to these lines, or unless 
the lines are enclosed in a fuelproof and 
fumeproof shroud which Is ventilated 
and drained to the exterior of the 
airplane. 

(b) The shrouds specified In para
graph (a) of this section need not be 
used if the lines are routed or protected 
to safeguard against accidental damage 
and if they do not Incorporate any fit
tings within the personnel or cargo areas, 

(c) Lines which can be isolated from 
the remainder of the fuel system by 
means of valves at each end shall incor
porate provisions for the relief of ex
cessive pressures which might result 
from exposure of the isolated line to 
nigh ambient temperatures. 

S4b.4l3 Fuel flow rate, (a) The 
ability of the fuel system to provide the 
required fuel flow rate shall be demon
strated when the airplane is In the atti
tude which represents the most adverse 
condition from the standpoint of fuel 
feed which the airplane Is designed to 
attain. The following shall be consid
ered in this respect: 

(1) Normal ground attitude, 
(2) Climb with take-ofF flaps, land-? 

Ing gear up, using take-off power, a t 
speed Vj as determined in g 4b. 114 (b), 
at landing weight, 

(3) Level flight at marimnm contin
uous power or at the power required for 
level flight at V0, whichever is the lesser, 

(4) Glide at a speed of 1.3 Vi„, at 
landing weight. 

(b) During the demonstration pre* 
scribed in paragraph (a) of this section, 
fuel shall be delivered to the engine at 
a pressure not less than the minimum 
pressure established for proper engine 
operation. In addition the following 
shall be met. 

(1) The quantity of fuel In the tanlc 
being considered shall not exceed the 
amount established as the unusable fuel 
supply for that tank, as determined by 
demonstrating compliance with the pro
visions of 8 4b.416 (see also ii 4b.420 and 
4b.ai3 (b)>, together with whatever 
m i n i m u m quantity of fuel it may be nec-i 
essary to add for the purpose of con
ducting the flow test. 

30 



(2) If a fuel flowmeter is provided, 
the meter shall be blocked during the 
flow test and the fuel shall flow through 
the meter by-pass. 

(3) It shall be acceptable to conduct 
the demonstration prescribed in para
graph (a) of this section by a ground 
test on the airplane or on a represent
ative mock-up of the fuel system. 

§ 4b.414 Pump systems. <a> The fuel 
flow rate for pump systems (main and 
reserve supply) shall be 0.9 pounds per 
hour for each take-off horsepower or 
125 percent of the actual take-off fuel 
consumption of the engine, whichever is 
the greater. 

(b) The fuel flow rate specified in 
paragraph (a) of this section shall be 
applicable to both the primary engine-
driven pump and to emergency pumps. 
The fuel flow rate shall be available when 
the pump is running at the speed at 
which It would normally be operating 
during take-off. In the case of hand-
operated pumps, the speed required shall 
not be more than 60 complete cycles 
(120 single strokes) per minute. 

§ 4b.415 Transfer systems. The pro
visions of S 4b.414 shall apply to transfer 
systems, except that the required fuel 
flow rate for the engine or engines in
volved shall be established upon the basis 
of maximum continuous power and its 
corresponding speed instead of take-off 
power and its corresponding speed. 

S 4b.416 Determination of unusable 
fuel supply and fuel system operation 
on low fuel, (a) The quantity of fuel 
with which compliance with the provi
sion of this paragraph is demonstrated 
shall be selected by the applicant who, 
in addition, shall indicate which of the 
conditions specified in paragraph (b) of 
this section are most likely to be critical 
from the standpoint of establishing the 
unusable fuel supply, and also Indicate 
the order in which the other conditions 
may be critical. 

(b) The unusable fuel supply for each 
tank used for take-off and' landing shall 
be established as not less than the quan
tity at which the first evidence of mal
functioning occurs under the following 
conditions: (See S4b.420.) 

(1) Level flight at maximum continu
ous power or at the power required lor 
level flight at V0, whichever Is the lesser, 

(2) Climb with take-off flaps and land
ing gear up, at take-off power, at land
ing weight, and at speed V% determined 
in accordance with 8 4b,114 (b), 

(3) Rapid application of maximum 
continuous power and subsequent transi
tion to a climb at speed V 2 determined 
in accordance with 5 4b,114 (b), with 
retraction of flaps and landing gear, 
from a power-off glide at 1.3 Vi„, with 
flaps and landing gear down, at landing 
weight. 

(c) If an engine can be supplied with 
fuel from more than one tank, it shall 
be possible to regain the full fuel pres
sure of that engine In not more than 20 
seconds after switching to any fuel tank 
after engine malfunctioning becomes ap
parent due to the depletion of the fuel 
supply In any tank from which the en
gine can be fed. Compliance with this 

provision shall be demonstrated In level 
flight. 

(d) The unusable fuel supply for all 
tanks other than those used for take-
oft and landing shall be established as 
not less than the quantity at which the 
first evidence of malfunctioning occurs 
under the conditions specified in 
paragraph (b) (1) of this section. It shall 
be acceptable to demonstrate compliance 
with this requirement by a ground test. 

£ 4b.417 Fuel system hot weather 
operation, (a) To prove satisfactory 
hot weather operation the airplane shall 
be climbed from the altitude of the air
port chosen by the applicant to the alti
tude corresponding with that at Which 
the one-engine-inoperative best rate of 
climb is not greater than the en route 
climb with the configuration and at the 
weight specified in 5 4b.l20 (c). There 
shall be no evidence of vapor lock or 
other malfunctioning. The climb test 
shall be conducted under the following 
conditions. 

(1) All engines shall operate at maxi
mum continuous power, except that 
take-off power shall be used for the alti
tude range extending from 1,000 feet 
below the critical altitude through the 
critical altitude. The time Interval dur
ing which take-off power is used shall 
not exceed the take-off time limitation. 

(2) The weight shall be with full fuel 
tanks, minimum crew, and such ballast 
as is required to maintain the center of 
gravity within allowable limits. 

(3) The speed of climb shall not ex
ceed that which will permit compliance 
with the minimum climb requirement 
specified in § 4b.119 (a). 

(4) The fuel temperature shall be not 
less than 110" P. 

(b) The test prescribed in paragraph 
(a) of this section shall be performed 
either in flight or on the ground closely 
simulating flight conditions. If a flight 
test is performed in weather sufficiently 
cold to interfere with the proper conduct 
of the test, the fuel tank surfaces, fuel 
lines, and other fuel system parts sub
jected to cooling action from cold air 
shall be insulated to simulate, in so far 
as practicable, flight in hot weather. 

S 4b.418 FZoto between interconnected 
tanks, (a) In fuel systems where the 
tank outlets are interconnected, it shall 
not be possible for fuel to flow between 
tanks in quantities sufficient to cause an 
overflow of fuel from the tank vent when 
the airplane is operated as specified in 
5 4b.416 (b) and the tanks are full. 

(b) If it is possible to pump fuel from 
one tank to another in flight, the design 
of the fuel tank vents and the fuel trans
fer system shall be such that structural 
damage to tanks will not occur in the 
eyent of overfilling, 

F D E L S Y S T E M C O N S T R U C T I O N AND 

I N S T A L L A T I O N 

5 4b.420 General, (a) Fuel tanks 
shall be capable of withstanding without 
failure all vibration, inertia, fluid, and 
structural loads to which they may be 
subjected in operation. 

(b) Flexible fuel tank liners shall be 
of an approved type or shall be shown to 
be suitable for the particular applica
tion. 

(c) The fuel tanks, as Installed, shall 
be designed to withstand a minimum 
internal pressure of 3.5 p. s. 1. 

(d) Integral type fuel tanks shall be 
provided with facilities for inspection 
and repair of the tank interior. 

(e) The total usable capacity of the 
fuel tanks shall not be less than 0.15 
gallons for each maximum continuous 
horsepower for which the airplane is 
certificated. 

(f> The unusable fuel capacity shall 
be the minimum quantity of fuel which 
will permit compliance with the provi
sions of § 4b.416. 

14b.421 Fuel tank tests, (a) Fuel 
tanks shall be capable of withstanding 
the following pressure tests without fail
ure or leakage. It shall be acceptable 
to apply the pressures in a manner 
simulating the actual pressure distri
bution In service. 

(1) Conventional metal tanks and 
nonmetalllc tanks the walls of which 
are not supported by the airplane struc
ture shall be submitted to a pressure of 
3.5 p. s. 1., or the pressure developed dur
ing the maximum ultimate acceleration 
of the airplane with a full tank, which
ever is the greater. 

(2) Integral tanks shall be submitted 
to a pressure of 3.5 p. s. i. unless the pres
sure developed during the maximum 
limit acceleration of the airplane with 
a full tank exceeds this value, in which 
case a hydrostatic head, or equivalent 
test, shall be applied to duplicate the 
acceleration loads in so far as possible, 
except that the pressure need not exceed 
3.5 p. s. i. on surfaces not exposed to 
the acceleration loading. 

(3) Nonmetallic tanks the walls of 
which are supported by the airplane 
structure shall be submitted to a pres
sure of 3.5 p. s. 1. when mounted in the 
airplane structure. 

(b) Tanks with large unsupported or 
unstiffened flat areas shall be capable of 
withstanding the following test, or other 
equivalent test, without leakage or fail
ure. 

(1) The complete tank assembly to
gether with its supports shall be sub
jected to a vibration test when mounted 
In a manner simulating the actual in
stallation. 

(2) The tank assembly shall be vibrat
ed for 25 hours at an amplitude of not 
less than one thirty-second of an inch 
while filled two-thirds full of water. 

(3) The frequency of vibration shall 
be 90 percent of the maximum continu
ous rated speed of the engine unless some 
other frequency within the normal oper
ating range of speeds of the engine is 
more critical, in which case the latter 
speed shall be employed and the time of 
test shall be adjusted to accomplish the 
same number of vibration cycles. 

(4) In conjunction with the vibration 
test the tank assembly shall be rocked 
through an angle of 15° on either side of 
the horizontal (30° total) about an axis 
parallel to the axis of the fuselage. 

(5) The assembly shall be rocked at 
the rate of 16 to 20 complete cycles per 
minute. 

(c) In the case of nonmetallic tanks a 
specimen tank of the same basic con
struction as that to be used in the air
plane, when installed In a representative 
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test tank, shall withstand the test as 
specified in paragraph (b) of this section 
with fuel at a temperature of 110* P. 

t 4b.422 Fuel tank installation, fa) 
The method of support for fuel tanks 
shall not permit concentration of loads, 
resulting from the weight of the fuel in 
the tank, on unsupported tank surfaces. 
The following shall be applicable. 

(1) Pads shall be provided to prevent 
chafing between the tank and Its sup
ports. 

(2) Materials employed for padding 
shall be nonabsorbent or shall be treated 
to prevent the absorption of fluids. 

<3) If flexible tank liners are em
ployed they shall be so supported that 
the liner Is not required to withstand 
fluid loads. 

(4) Interior surfaces of tank compart
ments shall be smooth and free of pro
jections which could cause wear of the 
liner, unless provisions are made for pro
tection of the liner at such points or un
less the construction of the liner itself 
provides such protection. 

<b> Spaces adjacent to the surfaces 
of the tank shall be ventilated consist
ent with the size of the compartment 
to avoid fume accumulation In the case 
of minor leakage. If the tank is in a 
sealed compartment it shall be accept
able to limit the ventilation to that pro
vided by drain holes of sufficient size to 
prevent excessive pressure resulting from 
altitude changes. 

(c) Location of fuel tanks shall com
ply with the provisions of § 4b.481 (a), 

(d) No portion of engine nacelle skin 
which lies Immediately behind a major 
air egress opening from the engine com
partment shall act as the wall of an in
tegral tank. 

Ce) Fuel tanks shall be isolated from 
personnel compartments by means of 
fumeproof and fuelproof enclosures. 

5 4b.423 Fuel tank expansion space, 
(a) Fuel tanks shall be provided with 
an expansion space of not less than 2 
percent of the tank capacity, 

(b) It shall not be possible to flll the 
fuel tank expansion space inadvertently 
when the airplane is in the normal 
ground attitude. 

} 4b.424 Fuel tank sump, (a) Each 
fuel tank shall be provided with a sump 
having a capacity of not less than either 
0.25 percent of the tank capacity or one-
sixteenth of a gallon, whichever is the 
greater. 

(b) The fuel tank sump capacity 
specified in paragraph (a) of this sec
tion shall be effective with the airplane 
in the normal ground attitude. The 
fuel tank shall be constructed to permit 
drainage of any hazardous quantity of 
water from all portions of the tank to 
the sump when the airplane is in the 
ground attitude. 

(c) Fuel tank sumps shall be provided 
with an accessible drain to permit com
plete drainage of the sump on the 
ground. The drain shall discharge clear 
of all portions of the airplane and shall 
be provided with means for positive 
locking of the drain in the closed posi
tion, either manually or automatically. 

| 4h425 Fuel tank filler connection. 
(a) The design of fuel tank filler con

nections shall be such as to prevent the 
entrance of fuel into the fuel tank com
partment or any other portion of the 
airplane other than the tank itself. 

(b) Recessed fuel tank filler connec
tions which retain any appreciable 
quantity of fuel shall incorporate a drain, 
and the drain shall discharge clear of all 
portions of the airplane. 

(c) The fuel tank filler cap shall pro
vide a fuel-tight seal. 

<d> The fuel tank filler connections 
shall be marked as prescribed in § 4b. 738 
(b). 

§ 4b.426 Fuel tank vents and carbu-
retor vapor vents, (a) Fuel tanks shall 
be vented from the top portion of the 
expansion space in such a manner that 
venting of the tank is effective under all 
normal flight conditions. The following 
Shall be applicable. 

(1) Vent outlets shall be located and 
constructed to prevent the possibility of 
being obstructed by ice or other foreign 
matter. 

(2) The vent shall be constructed to 
preclude the possibility of siphoning fuel 
during normal operation. 

(3) The vent shall be of sufficient size 
to prevent the existence of excessive dif
ferences ot pressure between the interior 
and exterior of the tank during normal 
flight operation, during maximum rate 
of descent, and, if applicable, during re
fueling and defueling. 

(4) Air spaces of tanks with inter
connected outlets shall also, be inter
connected. 

(5) There shall be no points in the 
vent line where moisture could accumu
late with the airplane in either the 
ground or the level flight attitude unless 
drainage is provided. 

(6) Vents and drainage shall not ter
minate at points where the discharge of 
fuel from the vent outlet would consti
tute a fire hazard or from which fumes 
could enter personnel compartments. 

(b) Carburetors which are provided 
with vapor elimination connections shall 
be provided with a vent line to lead va
pors back to one of the fuel tanks. The 
vents shall comply with the following. 

(1) Provisions shall be incorporated in 
the vent system to avoid stoppage by ice. 

(2) If more than one fuel tank is pro
vided and it is necessary to use the tanks 
in a definite sequence, the vapor vent 
return line shall lead back to the fuel 
tank used for take-off and landing. 

§ 4b.427 Fuel tank outlet. A fuel 
strainer of 8 to 16 meshes per inch shall 
be provided either for the fuel tank out
let or for the booster pump. Strainers 
shall comply with the following. 

(a) The clear area of the fuel tank 
outlet strainer shall not be less than 3 
times the area of the fuel tank outlet 
lino, 

(b) The diameter of the strainer shall 
not be less than the diameter of the fuel 
tank outlet. 

(c) Finger strainers shall be acces
sible for inspection and cleaning. 

5 4D.428 Vnder-uHng fueling provi
sions. Under-wing fuel tank connections 
shall be provided with means to prevent 
the escape of hazardous quantities of 
fuel from the tank In the event of mal
functioning of the fuel entry valve while 

the cover plate is removed. In addition 
to the normal means provided in the air
plane for limiting the tank content, a 
means shall be installed to prevent dam
age to the tank in case of failure of the 
normal means. 

F U E L S Y S T E M C O M P O N E N T S 

$ 4b.430 Fuel pumps—(a) Main 
pumps. (1) If the engine fuel supply is 
maintained by means of pumps, one fuel 
pump for each engine shall be engine-
driven. 

(2) Fuel pumps shall meet the perti
nent flow requirements of 8 4b.413. 

(3) All positive displacement fuel 
pumps shall incorporate an integral by
pass, unless provision is made for a con
tinuous supply of fuel to all engines in 
case of failure of any one pump. Engine 
fuel injection pumps which are approved 
as an integral part of the engine need 
not incorporate a by-pass. 

(4) If the emergency fuel pumps are 
all dependent upon the same source of 
motive power, the main fuel pumps shall 
be capable of providing sufficient fuel 
flow and pressure to maintain level flight 
at maximum weight and normal cruis
ing power at an altitude of 6.000 feet with 
110° F. fuel without the aid of any emer
gency fuel pump. 

(b) Emergency pumps. (1) Emer
gency fuel pumps shall be provided to 
permit supplying all engines with fuel 
in case of failure of any one main fuel 
pump, except in the case of Installations 
in which the only fuel pump used in the 
system is an engine fuel injection pump 
which is approved as an integral part 
of the engine, 

(2) Emergency fuel pumps shall be 
available for immediate use In case of 
failure of any other fuel pump. No 
manipulation of fuel valves shall be 
necessary on the part of the crew to 
make an emergency fuel pump available 
to the engine which it is normally in
tended to serve when the fuel system is 
being operated in the configuration com
plying with the provisions of 5 4b.411, 

5 4b.431 Fuel pump installation, (a) 
Provision shall be made to maintain the 
fuel pressure at the inlet to the carbu
retor within the range of limits estab
lished for proper engine operation. 

(b) When necessary for the mainte
nance of the proper fuel delivery pres
sure, a connection shall be provided to 
transmit the carburetor air intake static 
pressure to the proper fuel pump relief 
valve connection. In such cases, to 
avoid erroneous fuel pressure reading, 
the gauge balance lines shall be inde
pendently connected to the carburetor 
inlet pressure. 

{ 4b.432 Fuel system lines and fit
tings, (a) Fuel lines shall be installed 
and supported to prevent excessive vi
bration and to withstand loads due to 
fuel pressure and due to accelerated 
flight conditions. 

(b) Fuel lines which are connected to 
components of the airplane between 
which relative motion could exist shall 
incorporate provisions for flexibility. 

(c) Flexible connections in fuel lines 
which may be under pressure and sub
jected to axial loading shall employ flex-
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ible hose assemblies rather than hose 
clamp connections. 

(d) Flexible hose shall be of an ap
proved type or shall be shown to be 
suitable for the particular application. 

(e) Flexible hoses which might be 
adversely affected by exposure to high 
temperatures shall not be employed in 
locations where excessive temperatures 
will exist during operation or after en
gine shut-down; 

§ 4b.433 Fuel lines and fittings in 
designated fire zones. Fuel lines and 
fittings in all designated fire zones (see 
S 4b.480) shall comply with the provi
sions of 5 4b.433. 

5 4h434 Fuel valves. In addition to 
the requirements of §4b.482 for shut-
Off means, all fuel valves shall be pro
vided with positive stops or suitable 
index provisions in the "on" and "oft" 
positions and shall be supported so that 
loads resulting from their operation or 
from accelerated flight conditions are 
not transmitted to the lines attached 
to the valve. 

5 4b.435 Fuel strainer. A fuel strainer 
shall be provided between the fuel tank 
outlet and the carburetor inlet and shall 
comply with the following: 

(a) If an engine-driven fuel pump Is 
provided, the strainer shall be located 
between the tank outlet and the engine-
driven pump inlet. 

(b) The fuel strainer shall be accessi
ble for drainage and cleaning, and the 
strainer screen shall be easily removable. 

(c) The strainer shall be mounted in 
a manner not to cause its weight to be 
supported by the connecting lines or by 
the inlet or outlet connections of the 
strainer itself, 

5 4b:436 Fuel system drains. Drainage 
of the system shall be accomplished by 
fuel strainer drains and other drains as 
provided in § 4b.424. The following shall 
apply: 

(a) Drains shall discharge clear of all 
portions of the airplane and shall incor
porate means for positive locking of the 
drain in the closed position, either man
ually or automatically. 

(b) All fuel system drains shall be 
accessible. 

(c) If drainage of the fuel strainer 
permits compliance with paragraphs (a) 
and (b) of this section, no additional 
drains need be provided unless it is possi
ble for a hazardous quantity of water or 
sediment to be trapped therein. (See 
also 5 4D.483 (O.) 

i 4b.437 Fuel jettisoning system. If 
the maximum take-off weight for which 
the airplane is certificated exceeds 105 
percent of the certificated maximum 
landing weight, provision shall be made 
for the jettisoning of fuel from the maxi
mum take-off to the maximum landing 
weight. 

(a) The average rate of fuel jettison
ing shall be 1 percent of the maximum 
take-off weight per minute, except that 
the time required to jettison the fuel 
need not be less than 10 minutes. Com
pliance with these provisions shall be 
shown at maximum take-off weight, with 
flaps and landing gear up. and in the 
following flight conditions: 

(1) Power-on glide at a speed of 1.4 

( 2 ) Climb at the one-engine-inopera
tive best rate-of-climb speed with the 
critical engine inoperative, the remain
ing engine (s) at maximum continuous 
power. 

(3) Level flight at a speed of 1.4 V»1P 

if the results of tests in conditions spec
ified in subparagraphs (1) and (2) of 
this paragraph indicate that this condi
tion could be critical. 

(b) During the flight tests prescribed 
in paragraph (a) of this section it shall 
be demonstrated that the fuel jettison
ing system complies with the following 
provisions. 

(1) The fuel jettisoning system and 
its operation shall be free of fire hazard. 

( 2 ) The fuel shall discharge clear of 
all portions of the airplane. 

(3) Fuel or fumes shall not enter any 
portion of the airplane. 

(4) The jettisoning operation shall 
not affect adversely the controllability 
of the airplane. 

(c) The design of the jettisoning sys
tem shall be such that it would not be 
possible to jettison fuel in the tanks used 
for take-off and landing below the level 
providing 45 minutes flight at 75 percent 
maximum continuous power, except that 
it shall be permissible to jettison all fuel 
where an auxiliary control is provided 
independent of the main jettisoning 
control. 

(di The fuel jettisoning valve shall 
permit the flight personnel to close the 
valve during any portion of the jettison
ing operation. (See 5 4b.475 for fuel 
jettisoning system controls.) 

(e) Unless it is demonstrated that 
lowering of the flaps does not adversely 
affect fuel jettisoning, a placard shall 
be provided adjacent to the jettisoning 
control to warn flight personnel against 
Jettisoning fuel while the flaps are low
ered. A notation to this effect shall also 
be included In the Airplane Flight Man
ual. (See § 4b.740.) 

on. SYSTEM 
5 4b.440 General, (a) Each engine 

shall be provided with an independent 
oil system capable of supplying the en
gine with an appropriate quantity of oil 
at a temperature not exceeding the 
maximum which has been established 
as safe for continuous operation, (For 
oil system instruments see §§ 4b.604 and 
4b.735.) 

(b) The oil tank capacity available 
for the use of the engine shall not be 
less than the product of the endurance 
of the airplane under critical operating 
conditions times the maximum permis
sible oil consumption rate of the engine 
under th» same conditions, plus a suit
able margin to assure system circula
tion. In lieu of a rational analysis of 
airplane range, a fuel-oil ratio of 30:1 
by volume shall be acceptable for air
planes not provided with a reserve or 
transfer system, 

(c) If either an oil trafisfer system 
or a reserve oil system is provided, the 
total oil capacity need not exceed one 
gallon for each 40 gallons of fuel 
capacity. 

(d) Oil-fuel ratios lower than those 
prescribed in paragraphs (b) and (c) of 

this section shall be acceptable if sub
stantiated by data on the actual oil 
consumption of the engine. 

(e) The ability of the oil cooling pro
visions to maintain the oil inlet tem
perature to the engine at or below the 
maximum established value shall be 
demonstrated in accordance with perti
nent provisions of 5! 4b.450 through 
4b.454. 

§ 4b.441 Oil tank construction. The 
following requirements shall apply to the 
construction of the oil tank. 

(a) Oil tank expansion space. (1) Oil 
tanks shall have an expansion space of 
not less than either 10 percent of the 
tank capacity or 0.5 gallon, whichever 
is the greater, 

(2) Reserve oil tanks which have no 
direct connection to any engine shall 
have an expansion space which is not 
less than 2 percent of the tank capacity. 

(3) It shall not be possible to fill the 
oil tank expansion space inadvertently 
when the airplane is in the normal 
ground attitude. 

(b) Oil tank filler connection. (1) Re
cessed oil tank filler connections which 
retain any appreciable quantity of oil 
shall incorporate a drain, and the drain 
shall discharge clear of all portions of 
the airplane. 

(2) The oil tank filler cap shall pro
vide an oil-tight seal. 

(3) Oil tank filler connections shall 
be marked as prescribed in § 4b.738 (b). 

(c) Oil tank vent. (1) Oil tanks shall 
be vented from the top portion of the 
expansion space in such a manner that 
venting of the tank is effective under all 
normal flight conditions. 

<2) Oil tank vents shall be arranged 
so that condensation of water vapor 
which might freeze and obstruct the 
line cannot accumulate at any point. 
(See also § 4b.483 (c).) 

(d) Oil'tank outlet. Provision shall 
be made either to prevent entrance into 
the tank Itself or into the tank outlet of 
any foreign object which might obstruct 
the flow of oil through the system. The 
oil tank outlet shall not be enclosed by 
any screen or guard which would reduce 
the flow of oil below a safe value at any 
operating temperature condition. 

(e) Flexible oil tank liners. Flexible 
oil tank liners shall be of an approved 
type or shall be shown to be suitable for 
the particular application. 

§ 4b.442 Oil tank tests, (a) Oil tanks 
shall be capable of withstanding without 
failure all vibration, inertia, and fluid 
loads to which they would be subjected 
in operation. 

(b) The provisions of 5 4b.421 shall 
be applicable to oil tanks, except as 
follows. 

(1) The test pressure specified in 
§ 4b.421 (a) shall be 5 p. s. 1. 

(2) The test fluid specified in § 4b.421 
(c) shall be oil at a temperature of 
250° F. 

§ 4b.443 Oil tank installation. The oil 
tank installation shall comply with the 
provisions of § 4b.422, except that the 
location of an engine oil tank in a desig
nated fire zone shall be acceptable if the 
tank and its supports are of fireproof 
construction to the extent that damage 



by fire to any nonfireproof parts would 
not result in leakage or spillage of oil, 

§ 4b.444 Oil lines and fittings—(a) 
General. The provisions of § 4b.432 shall 
be applicable to oil lines. 

(b) Lines and fittings in designated 
fire zones. Oil lines and fittings in all 
designated Are zones (see S 4b.480) shall 
comply with the provisions of § 4b.483. 

(c) Engine breather lines. (1) En
gine, breather lines shali be arranged so 
that condensation of water vapor which 
might freeze and obstruct the line can
not accumulate at any point. 

(2) Breathers shall discharge in a 
location which will not constitute a fire 
hazard in case foaming occurs and in a 
manner so that the emitted oil will not 
impinge upon the pilot windshield. 

(3) The breather shall not discharge 
into the engine air induction system. 
(See also 5 4b.483 (c>.) 

8 4b.445 Oil valves, (a) The require
ments of § 4b.482 for shut-off means 
shall be complied with. Closing of oil 
shut-off means shall not prevent feath
ering the propeller. 

(b) All oil valves shall be provided 
with positive stops or suitable index pro
visions in the "on" and "off" positions, 
and they shall be supported so that loads 
resulting from their operation or from 
accelerated flight conditions are not 
transmitted to the lines attached to the 
valve. 

5 4b.446 Oil radiators, (a) Oil radia
tors shall be capable of withstanding 
without failure aU vibration, inertia, and 
oil pressure loads to which they would 
be subjected in operation. 

(b) Oil radiator air ducts shall be 
located so that, in case of Are, flames 
issuing from normal openings of the 
engine nacelle cannot impinge directly 
upon the radiator. 

§ 4b.447 Oil filters. If the airplane 
is equipped with an oil filter, the filter 
shall be constructed or installed in such 
a manner that complete blocking of the 
flow through the filter element will not 
prevent the safe operation of the engine 
oil supply system. 

5 4b.443 Oil system drains. Acces
sible drains -shall be provided to permit 
safe drainage of the entire oil system 
and shall incorporate means for the 
positive locking of the drain in the 
closed position, either manually or auto
matically. (See also § 4b,483 (c).) 

I 4b.449 Propeller feathering system. 
(a) If the propeller feathering system is 
dependent upon the use of the engine oil 
supply, provision shall be made to trap a 
quantity .of oil in the tank in case the 
supply becomes depleted due to failure of 
any portion of the lubricating system 
other than the tank itself. 

(b) The quantity of trapped oil shall 
be sufficient to accomplish the feathering 
operation and shall be available only to 
the feathering pump. 

(c> The ability of the system to ac
complish feathering with the trapped 
supply of oil shall be demonstrated. It 
shall be acceptable to make this demon
stration on the ground. 

C O O L I N G S Y S T E M 

f 4b.450 General. The powerplant 
cooling provisions shall be capable of 
maintaining the temperatures of major 
powerplant components, engine fluids, 
and the carburetor intake air within the 
established safe values under all condi
tions of ground and flight operation. 
(For cooling system instruments see 
15 4b.604 and 4b,734.) 

§ 4b,451 Cooling tests—(a) General. 
Compliance with the provisions of 
5 4b.450 shall be demonstrated under 
critical ground, water, and flight oper
ating conditions. If the tests are con
ducted under conditions which deviate 
from the maximum anticipated air tem
perature (see paragraph (b) of this 
section), the recorded powerplant 
temperatures shall be corrected in ac
cordance with the provisions of para
graphs (c) and (d) of this section. The 
corrected temperatures determined in 
this manner shall not exceed the maxi
mum established safe values. The fuel 
used during the cooling tests shall be of 
the minimum octane number approved 
for the engines involved, and the mixture 
settings shall be those used in normal 
operation. The test procedures shall be 
as outlined in 5 5 4b.452 through 4b.454. 

(b) Maximum anticipated air tem
perature. The maximum anticipated 
air temperature (hot day condition) 
shall be 100° F. at sea level, decreasing 
from this value at the rate of 3,6° F. 
per thousand feet of altitude above sea 
level until a temperature of —67* F. Is 
reached above which altitude the tem
perature shall be constant at —67* F. 

(c) Correction factor for cylinder 
head, oil inlet, carburetor air, and engine 
coolant outlet temperatures. The cylin
der head, oil inlet, carburetor air, and 
engine coolant outlet temperatures shall 
be corrected by adding the difference be
tween the maximum anticipated air 
temperature and the temperature of the 
ambient air at the time* of the first oc
currence of maximum head, air, oil, or 
coolant temperature recorded during the 
cooling test, unless a more rational cor
rection is shown to be applicable. 

(d) Correction factor for cylinder bar
rel temperatures. Cylinder barrel tem
peratures shall be corrected by adding 
0.7 of the difference between the maxi
mum anticipated air temperature and 
the temperature of the ambient air at 
the time of the first occurrence of the 
maximum cylinder barrel temperature 
recorded during the cooling test, unless 
a more rational correction is shown to 
be applicable. 

§ 4b.452 Climb cooling test procedure. 
(a) The climb cooling test shall be con
ducted with the critical engine inopera
tive and its propeller feathered, 

(b) All remaining engines shall be op
erated at their maximum continuous 
power or at full throttle when above the 
critical altitude. 

(c) After stabilizing temperatures in 
flight, the climb shall be started at or 
below the lower of the two following alti
tudes and shall be continued until at 
least 5 minutes after the occurrence of 
the highest temperature recorded, or un

til the maximum altitude is reached for 
which certification is desired: 

(1) 1,000 feet below the engine critical 
altitude, 

(2) 1,000 feet below the maximum 
altitude at which the rate of climb is 
equal to that established in accordance 
with § 4b. 120 (c). 

(d) The climb shall be conducted at 
an air speed which does not exceed the 
speed used in establishing the rate of 
climb required in I 4b.l20 (c). It shall 
be acceptable to conduct the climb cool
ing test in conjunction with the take-off 
cooling test of § 4b,453. 

§ 4b.453 Take-off cooling test proce
dure. A take-off cooling test shall be 
conducted to demonstrate cooling dur
ing take-off and during subsequent climb 
with one engine inoperative. The fol
lowing procedure shall be applicable. 

(a) The take-off cooling test shall be 
commenced by stabilizing temperatures 
during level flight with all engines Op
erating at 75 percent of maximum con
tinuous power with the appropriate cowl 
flap and shutter settings. 

(b) After all temperatures have sta
bilized, the climb shall be started at the 
lowest practicable altitude and shall be 
conducted with one engine inoperative 
and Its propeller feathered. 

(c) The remaining engines shall be 
operated at take-off rpm and power (or 
at full throttle when above the take-off 
critical altitude) for the same time in
terval as take-off power is used during 
determination of the take-off flight path 
(see i 4b.llfl). 

(d) At the end of the time interval 
prescribed in paragraph (c) of this sec
tion the power shali be reduced to the 
maximum continuous power and the 
climb continued until at least 5 minutes 
after the occurrence of the highest 
temperature recorded. 

(e) The speed used during take-off 
power operation (paragraph (c) of this 
section) shall not exceed the speed used 
during determination of the take-off 
flight path (see 5 4b.ll6). 

S 4b.454 Cooling test procedure for 
flying boat operation. In the case of fly
ing boats, cooling shall be demonstrated 
during taxying down wind for 10 minutes 
at 5 mph above the step speed. 

I 4b.455 Liquid cooling systems. Each 
liquid-cooled engine shall be provided 
with an independent coolant system. 
The coolant system shall be so arranged 
that no air or vapor can be trapped in 
any portion of the system other than the 
expansion tank, either during filling or 
during operation. No flammable coolant 
shall be used. Means shall be provided 
to prevent excessive pressures from being 
generated in the cooling system. 

5 4b.456 Coolant tank—(a) General. 
The tank snail have a usable coolant 
capacity of not less than one gallon and 
shall be capable of withstanding without 
failure all vibration, inertia, and fluid 
loads to which it would be subjected in 
operation. Coolant tanks shall be pro
vided with an expansion space of not 
less than 10 percent of the total coolant 
system capacity. It shall not be possible 
inadvertently to fill the expansion space 
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with the airplane in the normal ground 
attitude. 

(b) Coolant tank tests. The provi
sions of I 4b.421 shall be applicable to 
coolant tanks, except as follows. 

(1) The test pressure specified in 
i 4b.421 (a) shall be either the sum of 
the pressure developed during the maxi
mum ultimate acceleration with a full 
tank plus the maximum working pres
sure of the system, or 1.25 times the 
maximum working pressure of the 
system, whichever is the greater. 

<2) The test fluid specified in 5 4b.421 
(c) shall be coolant at operating tem
perature. 

(c) Coolant tank installation. (1) 
Coolant tanks shall be supported so that 
the tank loads will be distributed over 
a large portion of the tank surface. 

<2) Pads shall be provided to prevent 
chafing between the tank and its sup
ports. 

(3) Materials employed for padding 
shall be nonabsorbent or shall be treated 
to prevent the absorption of fluids. 

<d) Coolant tank filler connection. 
(1) Recessed codlant tank filler connec
tions which retain any appreciable 
quantity of coolant shall incorporate a 
drain, and the drain shall discharge 
clear of all portions of the airplane. 

(2) Coolant tank filler connections 
shall be marked as prescribed in § 4b.738 
(b). 

5 4b,457 Coolant system installation. 
The following requirements shall apply 
to the installation of the coolant system 
components. 

(a) Coolant lines. The provisions of 
5 4b.432 shall be applicable to coolant 
lines. 

(b) Fire-resistant coolant lines and 
fittings. If the coolant used will ignite 
and burn under the conditions of power-
plant fires, all lines and fittings located 
within designated fire zones shall com
ply with the provisions of § 4b.483. 

(c) Coolant radiators. (1) Coolant 
radiators shall be capable of withstand
ing without failure all vibration, inertia, 
and coolant pressure loads to which they 
would be subjected in operation. 

(2) Coolant radiators shall be sup
ported in a manner which will permit ex
pansion due to operating temperatures 
and which will prevent the transmittal 
of harmful vibration to the radiator. 

(3) The air intake duct to the coolant 
radiator shall be located so that in case 
Of fire flames issuing from normal open
ings of the engine nacelle cannot im
pinge directly upon the radiator. 

<d> Coolant system drains. (1) One 
or more accessible drains shall be pro
vided to permit drainage of the coolant 
system, Including the coolant tank, radi
ator, and the engine, when the airplane 
Is in the normal ground attitude. 

(2) Drains shall discharge clear of all 
portions of the airplane and shall incor
porate means for positive locking of the 
drain in the closed position. 

I N D U C T I O N AND E X H A U S T S Y S T E M S 

! 4b.460 General, fa) The engine air 
induction system shall permit supplying 
the proper quantity of air to the engine 
under all conditions of operation. 

(b) The induction system shall pro
vide air for proper fuel metering and 
mixture distribution with the induction 
system valves in any position. 

(c) Each engine shall be provided with 
an alternate air source. 

(d) Air intakes shall not open within 
the cowling, unless that portion of the 
cowling is isolated from the engine ac
cessory section by means of a fireproof 
diaphragm, or unless provision is made 
to prevent the emergence of backfire 
flames. 

(e) Alternate air intakes shall be so 
located as to preclude the entrance of 
rain, ice, or any other foreign matter. 

5 4b.481 Induction system de-icing and 
anti-icing provisions—(a) General. The 
engine air induction system shall in
corporate means for the prevention and 
elimination of ice accumulations. 

(b) Heat rise. Unless it is demon
strated that other means will accom
plish the intent of paragraph (a) of this 
section, compliance with the following 
heat-rise provisions shall be demon
strated In air free of visible moisture at 
a temperature of 30' P. 

<1) Airplanes equipped with altitude 
engines employing conventional venturi 
carburetors shall have a preheater capa
ble of providing a heat rise of 120° F. 
when the engine is operating at GO per
cent of its maximum continuous power. 

<2) Airplanes equipped with altitude 
engines employing carburetors which 
embody features tending to reduce the 
possibility of ice formation shall have a 
preheater capable of providing a heat 
rise of 100° P. when the engine is operat
ing at 60 percent of its maximum 
continuous power, 

5 4b.462 Carburetor air preheater de
sign. Carburetor air preheaters shall 
incorporate the following provisions. 

(a) Means shall he provided to assure 
ventilation of the preheater when the 
engine is being operated with cold air. 

(b) The preheater shall be constructed 
to permit inspection of exhaust manifold 
parts which it surrounds and also to per
mit Inspection of critical portions of the 
preheater Itself. 

5 4b.463 Induction system ducts. In
duction system ducts shall incorporate 
the following provisions. 

(a) Induction system ducts ahead of 
the first stage of the supercharger shall 
be provided with drains to prevent haz
ardous accumulations of fuel and mois
ture in the ground attitude. The drains 
shall not discharge in locations which 
might cause a fire hazard. 

(b) Sufficient strength shall be incor
porated in the ducts to prevent induction 
system failures resulting from normal 
backfire conditions. 

<c) Ducts which are connected to 
components of the airplane between 
which relative motion could exist shall 
incorporate provisions for flexibility. 

(d) Induction system ducts within 
any fire zone for which a fire-extinguish
ing system is required shall be of fire-
resistant construction. 

5 4b.464 Induction system screens. If 
induction system screens are employed, 

they shall comply with the following-
provisions: 

(a) Screens shall be located upstream 
from the carburetor. 

(b) Screens shall not be located in 
portions of the induction system which 
constitute the only passage through 
which air can reach the engine, unless 
the screen is so located that it can be 
de-iced by heated air, 

(c> De-icing of induction system 
screens by means of alcohol alone shall 
not be acceptable. 

(d) It shall not be possible for fuel 
to impinge upon the screens. 

S 4b.465 Carburetor air cooling. In
stallations employing two-stage super
chargers shall be provided with means to 
maintain the air temperature at the in
let to the carburetor at or below the 
maximum established value. The dem
onstration of this provision shall be ac
complished in accordance with 5 4b.451, 

14b.466 Inter'coolers and after-cool
ers. Inter-coolers and after-coolers shall 
be capable of withstanding without fail
ure all vibration, inertia, and air pressure 
loads to which they would be subjected 
in operation. 

S 4b.467 Exhaust system and installa
tion components—(a) General. <1) The 
exhaust system shall be constructed and 
arranged to assure the safe disposal of 
exhaust gases without the existence of 
a fire hazard or carbon monoxide con
tamination of air in personnel com
partments. 

<2) Unless appropriate precautions are 
taken, exhaust system parts shall not be 
located in hazardous proximity to por
tions of any system carrying flammable 
fluids or vapors nor shall they be located 
under portions of such systems where 
the latter could be subject to leakage. 

(3) All airplane components upon 
which hot exhaust gases might Impinge, 
or which could be subjected to high tem
peratures due to proximity to exhaust 
system parts, shall be constructed of 
fireproof material. All exhaust system 
components shall be separated by means 
of fireproof shields from adjacent por
tions of the airplane which are outside 
the engine compartment. 

(4> Exhaust gases shall not discharge 
In a manner to cause a fire hazard with 
respect to any flammable fluid vent or 
drain. 

(5) Exhaust gases shall not discharge 
at a location which will cause a glare 
seriously affecting pilot visibility at 
night. 

(6) All exhaust system components 
shall be ventilated to prevent the exist
ence of points of excessively high 
temperature. 

(7) Exhaust shrouds shall be venti
lated or insulated to avoid during nor
mal operation a temperature sufficiently 
high to ignite any flammable fluids or 
vapors external to the shrouds. 

(b) Exhaust piping. (I) Exhaust pip
ing shall be constructed of material 
resistant to heat and corrosion, and shall 
incorporate provisions to prevent fail
ure due to expansion when heated to 
operating temperatures. 

(2) Exhaust pipe shall be supported 
to withstand all vibration and Inertia 



loads to which they would be subjected 
In operation, 

(3) Portions ol the exhaust piping 
Which are connected to components be
tween which relative motion could exist 
shall i n c o r p o r a t e provisions for 
flexibility. 

(c) Exhaust heat exchangers. <1) 
Exhaust heat exchangers shall be con
structed and installed to assure their 
ability to withstand without failure all 
Vibration, inertia, and other loads to 
Which they would be subjected in 
operation. 

(2) Heat exchangers shall be con
structed of materials which are suitable 
for continued operation at high temper
atures and which are resistant to cor
rosion due to elements contained in 
exhaust gases. 

(3) Provision shall be made for the 
inspection of all critical portions of ex
haust heat exchangers. 

<4> Heat exchangers shall incorpo
rate cooling provisions wherever they are 
subject to contact with exhaust gases. 

(5) Heat exchangers or muffs shall 
Incorporate no stagnant areas or liquid 
traps which would increase the possi
bility of ignition of flammable fluids or 
vapors which might be present in case 
of failure or malfunctioning of com
ponents carrying flammable fluids. 

<d) Exhaust heating of ventilating air. 
If an exhaust heat exchanger is used 
for heating ventilating air, a secondary 
heat exchanger shall be provided be
tween the primary exhaust gas heat ex-
Changer and the ventilating air system, 
unless it is demonstrated that other 
means used preclude harmful contami
nation of the ventilating air. 

<e) Exhaust driven turbo-swpercftarg-
ers. (1) Exhaust driven turbines shall 
be of an approved type or shall be shown 
to be suitable for the particular applica
tion. They shall be Installed and sup
ported to assure their safe operation 
between normal inspection and overhaul 
periods, 

(2) Provision for expansion and flexi
bility shall be made between exhaust 
conduits and the turbine. 

(3) Provision shall be made for lubri
cation of the turbine and for cooling of 
those turbine parts where the tempera
tures are critical. 

(4) Means shall be provided so that, 
in the event of malfunctioning of the 
normal turbo-supercharger control sys
tem, the turbine speed will not be greater 
than its maximum allowable value. The 
components provided for this purpose 
shall be independent of the normal tur
bo-supercharger controls with the ex
ception of the waste gate operating 
components themselves. 

POWERPUttrr CONTROLS A . H D ACCESSORIES 
0 4b.470 Potoerpfanf: controls; gen

eral. The provisions of 5 4b,353 shall be 
applicable to all powerplant controls 
with respect to location, grouping, and 
direction of motion, and the provisions 
of § 4b,737 shall be applicable to all 
powerplant controls with respect to 
marking. In addition all powerplant 
controls shall comply with the following. 

<al Controls shall he so located that 
they cannot be inadvertently operated by 

personnel entering, leaving, or making 
normal movements in the cockpit. 

(b) Controls shall maintain any set 
position without constant attention by 
flight personnel. They shall not tend 
to creep due to control loads or vibration, 

(c) Flexible controls shall be of an 
approved type or shall be shown to be 
suitable for the particular application. 

(d) Controls shall have strength and 
rigidity to withstand operating loads 
without failure and without excessive 
deflection. 

S 4b. 471 Throttle and A. D. I, system 
controls, (a) A separate throttle control 
shall be provided for each engine. 
Throttle controls shall be grouped and 
arranged to permit separate control of 
each engine and also simultaneous con
trol of all engines. 

Cb) Throttle controls shall afford a 
positive and immediately responsive 
means of controlling the engines. 

(c) If an antidetonant injection sys
tem is provided, the flow of ADI fluid 
shall be automatically controlled in re
lation to the amount of power produced 
by the engine. In addition to the auto
matic control, a separate control shall 
be provided for the ADI pumps. 

% 4b.472 Ignition switches, (a) Ig
nition switches shall provide control for 
each ignition circuit on each engine. 

(b) Means shall be provided for 
quickly shutting off all ignition by the 
grouping of switches or by providing a 
master ignition control. 

(c) If a master ignition control i3 pro
vided, a guard shall be incorporated to 
prevent inadvertent operation of the 
control. 

5 4b.473 Mixture controls. (a> If 
mixture controls are provided, a separate 
control shall be provided for each engine. 
The mixture controls shall be grouped 
and arranged to permit separate control 
of each engine and also simultaneous 
control of all engines. 

(b) Any intermediate position of the 
mixture control which corresponds with 
a normal operating setting shall be pro
vided with a sensory and a visual identi
fication. 

(e) The mixture controls shall be 
placed in a location accessible to both 
pilots, except where a separate flight en
gineer station with a control panel is 
provided, in which case the mixture con
trols shall be accessible to the flight 
engineer. 

5 4b.474 Propeller controls— (a) Pro
peller speed and pitch, controls. (1) A 
separate propeller speed and pitch con
trol shall be provided for each propeller. 
The propeller speed and pitch controls 
shall be grouped and arranged to permit 
separate control of each propeller and 
also simultaneous control of all pro
pellers. 

(2) The propeller speed and pitch con
trols shall provide for synchronization 
of all propellers. (See also 5 4b,404.) 

(3) Propeller speed and pitch con
trols) shall be placed to the right of the 
pilot's throttle and shall be at least 1 
inch lower than the throttle controls. 

(b) Propeller feathering controls. <1> 
A separate propeller feathering control 
shall be provided for each propeller. 

(2) Propeller feathering controls shall 
be provided with means to prevent 
inadvertent operation. 

(3) If feathering is accomplished by 
movement of the propeller pitch or speed 
control lever, provision shall be made to 
prevent the movement of this control to 
the feathering position during normal 
operation. 

(c) Propeller reversing controls. Pro
peller reversing controls shall Incorpo
rate a means to prevent their inadvert
ent movement to the reverse position. 
The means provided shall require a 
distinct and unmistakable operation 
by the crew in order to place the 
control in the reverse regime both in 
flight and on the ground. 

S 40.475 Fuel system controls. '.See 
also 140.434.) 

(a) Fuel jettisoning system controls 
shall be provided with guards to prevent 
their inadvertent operation. 

(b) Fuel jettisoning system controls 
shall not be located in close proximity to 
fire extinguisher controls nor to any 
other controls intended to combat fire. 

8 4b.476 Carburetor air preheat con
trols, separate carburetor air preheat 
controls shall be provided to regulate the 
temperature of the carburetor air for 
each engine. 

I 4b.476a Supercharger controls. 
Supercharger controls shall be accessible 
to the pilots, except where a separate 
flight engineer station with a control 
panel is provided, in which case they 
shall be accessible to the flight engineer. 

§ 4b.477 Powerplant accessories, (a) 
Engine mounted accessories shall be of 
a type approved for installation on the 
engine involved, and shall utilize the 
provisions made on the engine for 
mounting. 

(b) Items of electrical equipment sub
ject to arcing or sparking shall be in
stalled to minimize the possibility of 
their contact with any flammable fluids 
or vapors which might be present in a 
free state. 

(c) If continued rotation of an en
gine-driven cabin supercharger or any 
remote accessory driven by the engine 
will constitute a hazard in case 
malfunctioning occurs, means shall be 
provided to prevent hazardous rotation 
of such accessory without interfering 
with the continued operation of the en
gine. (See also § 4b.371 (c),) 

NOTE : Hazardous r o t a t i o n m a y I n v o l v e 
cons ide ra t ion o f mechan i ca l damage ot sus
t a i n e d a i r flows w h i c h m a y be dangerous 
u n d e r c e r t a i n c o n d i t i o n s . 

5 ̂ b.478 Engine ignition systems, (a) 
Battery ignition systems shall be sup
plemented with a generator which is 
automatically made available as an al
ternate source of electrical energy to 
permit continued engine operation in the 
event of the depletion of any battery. 

(b) The capacity of batteries and gen
erators shall be sufficient to meet the 
simultaneous demands of the engine 
Ignition system and the greatest demands 
of any airplane electrical system com
ponents which would draw electrical 
energy from the same source, 
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(1) The design of the engine ignition 
system shall take into consideration the 
condition of an inoperative generator 
and the condition of a completely de
pleted battery when the generator is run
ning at its normal operating speed. 

(2) If only one battery is provided the 
design of the engine ignition system shall 
take into consideration the condition in 
which the battery is completely depleted 
and the generator is operating at idling 
speed. 

(3) Portions of magneto ground wires 
for separate ignition circuits which lie 
on the engine side of the Are wall shall 
be installed, located, or protected so as 
to minimize the possibility of simultane
ous failure of two or more wires as a 
result of mechanical damage, electrical 
faults, etc. 

(4) Ground wires for any engine 
shall not be routed through fire zones, 
except those associated with the engine 
which the wires serve, unless those por
tions of the wires which are located in 
such fire zones are fireproof or are pro
tected against the possibility of damage 
by fire in a manner to render them 
fireproof. (See 14b.472 for ignition 
switches.) 

(5) Ignition circuits shall be electri
cally independent of all other electrical 
circuits except circuits used for analyz
ing the operation of the ignition system. 

(c) Means shall be provided to warn 
flight personnel if malfunctioning of any 
part of the electrical system is causing 
the continuous discharging of a battery 
Which is necessary for engine ignition. 
(See § 4b.472 for ignition switches.) 

POWERPLANT FIRE PROTECTION 

3 4b.430 Designated fire zones, (a) 
Designated fire zones shall comprise the 
following regions: 

<1) Engine power section, 
(2) Engine accessory section, 
( 3 ) Complete powerplant compart

ments in which no Isolation is provided 
between the engine power section and 
the engine accessory section, 

(4) Auxiliary power unit compart
ments, 

(5) Fuel-burning heaters and other 
combustion equipment installations as 
defined by § 4b.386. 

NOTE : See also 5 4ta.385. 

(b) Designated fire zones shall be 
protected from fire by compliance with 
Jj 4b.481 through 4b.490. 

(c) The nacelle area immediately be
hind the fire wall shall comply with the 
provisions of §§ 4b,385, 4b.463 (a), 4D.478 
(b), (4), 4b.481 (c). 4b.482 through 4b.485 
and 4b.489. If a retractable landing 
gear is located in this area, compliance 
with this paragraph is required only with 
the landing gear retracted. 

5 4b,481 Flammable fluids, (a) No 
tanks or reservoirs which are a part of 
a system containing flammable fluids or 
gases shall be located in designated fire 
zones, except where the fluid contained, 
the design of the system, the materials 
used in the tank, the shut-off means, all 
connections, lines, and controls are such 
as to provide an equally high degree of 
safety. 

(b) Not less than one-half inch of 
Clear air space shall be provided be

tween any tank or reservoir and a fire 
wall or shroud isolating a designated 
fire zone. 

(c) No component of a flammable 
fluid-carrying system shall be located in 
close proximity to materials which can 
absorb such a fluid. 

§ 4b .482 Shut-off means. <a) Means 
for each Individual engine and for each 
individual fire zone specified in J 4b.480 
(a) (4) and (5) shall be provided for 
shutting off or otherwise preventing 
hazardous quantities of fuel, oil, de-icer, 
and other flammable fluids from flowing 
into, within, or through any designated 
fire zone, except that means need not be 
provided to shut off flow in lines forming 
an integral part of an engine. Closing 
the fuel shutoff valve for any engine 
shall not make any of the fuel supply 
unavailable to the remaining engines. 

<b> Operation of the shutoff means 
shall not interfere with the subsequent 
emergency operation of other equipment, 
such as feathering the propeller. 

(c) The shut-off means shall be lo
cated outside of designated fire zones, 
unless an equally high degree of safety 
is otherwise provided (see §4b,481). It 
shall be shown that no hazardous quan
tity of flammable fluid could drain into 
any designated fire zone after shutting-
off has been accomplished. 

(d) Provisions shall be made to guard 
against inadvertent operation of the 
shutoff means and to make it possible 
for the crew to reopen the shutoff means 
in flight after it has once been closed. 

§ 4b.483 Lines and fittings. All lines 
and fittings carrying flammable fluids 
or gases in designated fire zones shall 
comply with the provisions of paragraphs 
(a) through (c> of this section. 

(a) Lines and fittings which are under 
pressure, or which attach directly to the 
engine, or which are subject to relative 
motion between components shall be 
flexible, fire-resistant lines with fire-
resistant end fittings of the permanently 
attached, detachable, or other approved 
type. The provisions of this paragraph 
shall not apply to those lines and fittings 
Which form an integral part of the en
gine. 

(b) Lines and fittings which are not 
subject to pressure or to relative motion 
between components shall be of flre-
resistant materials. 

(c) Vent and drain lines and fittings 
shall be subject to the provisions of para
graphs ( a ) and (b) of this section, un
less a failure of such line or fitting will 
not result in, or add to, a fire hazard. 

5 4b.484 Fire extinguisher systems— 
(a) General. (1) F i r e extinguisher 
systems shall be provided to serve all 
designated Are zones. This requirement 
shall be effective with respect to appli
cations for type certificates in accord
ance with the provisions of 3 4b.l2. In 
addition, all other airplanes manufac
tured after June 30, 1954, shall comply 
with this requirement, unless the engine 
power section is completely isolated from 
the engine accessory section by a fire
proof diaphragm complying with the 
provisions of § 4b.488 and unless the 
cowling and nacelle skin comply with 
the provisions of § 4ta.487, in which case 
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Are extinguisher systems need not be 
provided in the engine power section. 

(2) The fire extinguishing system, the 
quantity of extinguishing agent, and the 
rate of discharge shall be such as to 
provide two adequate discharges. It 
shall be possible to direct both discharges 
to any main engine installation. Indi
vidual "one-shot" systems shall be ac
ceptable in the case of auxiliary power 
units, fuel-burning heaters, and other 
combustion equipment. 

(3) The fire-extinguishing system for 
a nacelle shall be capable of protecting 
simultaneously all zones of the nacelle 
for which protection is provided. 

(b) Fire extinguishing agents. (1) 
Extinguishing agents employed shall be 
methyl bromide, carbon dioxide, or any 
other agent which has been shown to 
provide equivalent extinguishing action. 

(2) If methyl bromide, carbon dioxide, 
or any other toxic extinguishing agent is 
employed, provision shall be made to 
prevent the entrance of harmful con
centration of fluid or fluid vapors into 
any personnel compartments either due 
to leakage during normal operation of 
the airplane or as a result of discharging 
the fire extinguisher on the ground or 
in flight even though a defect may exist 
in the extinguishing system. Compliance 
with this requirement shall be demon
strated by appropriate tests. 

(3) If a methyl bromide system Is 
provided, the containers shall be charged 
with a dry agent and shall be sealed by 
the fire extinguisher manufacturer or by 
any other party employing appropriate 
recharging equipment. 

(c) Extinguishing agent container 
pressure relief. Extinguisher agent con
tainers shall be provided with a pressure 
relief to prevent bursting of the container 
due to excessive internal pressures. The 
following provisions shall apply. 

<1) The discharge line from the relief 
connection shall terminate outside the 
airplane in a location convenient for 
inspection on the ground. 

( 2 ) An indicator shall be provided at 
the discharge end of the line to provide 
a visual indication when the container' 
has discharged. 

(d) Extinguishing agent container 
compartment temperature. Under all 
conditions in which the airplane is in
tended for operation, the temperature 
range of the extinguishing agent con
tainers shall be maintained to assure 
that the pressure in the containers can 
neither fall below the minimum neces
sary to provide an adequate rate of ex
tinguisher agent discharge nor rise above 
a safe limit so that the system will not 
be prematurely discharged. 

(e) Fire-extinguishing system mate
rials. Materials in the fire extinguish
ing system shall not react chemically 
with the extinguishing agent so as to 
constitute a hazard. All components of 
the fire extinguishing systems, located 
in designated fire zones shall' be con
structed of fireproof materials. 

5 40-485 Fire detector systems. 
Quick-acting fire detectors of an ap
proved type shall be provided in all des
ignated fire zones, and they shall be suf
ficient in number and location to assure 
prompt detection of fire in such zones. 

m u m m 
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Fire detectors shall comply with the fol
lowing provisions: 

(a) Fire detectors shall be constructed 
and installed to assure their ability to 
resist -without failure all vibration, in
ertia, and other loads to which they 
would be subjected in operation. 

<b) Fire detectors shall be unaffected 
by the exposure to oil, water, or other 
fluids or fumes which might be present. 

(e> Means shall be provided to permit 
the crew to check in flight the function
ing of the electric circuit associated with 
the fire-detection system. 

(d) Wiring and other components of 
detector systems which are located in 
fire zones shall be of fire-resistant con
struction. 

(e) Detector system components for 
any fire zone shall not pass through other 
fire aones, unless they are protected 
against the possibility of false warnings 
resulting from fires in aones through 
which they pass. This requirement shall 
not be applicable with respect to zones 
which are simultaneously protected by 
the same detector and extinguisher 
systems. 

S 4b.486 Fire walls. All engines, 
auxiliary power units, fuel-burning 
heaters, and other combustion equip
ment which are intended for operation 
in flight shall be isolated from the re
mainder of the airplane by means of fire 
walls, shrouds, or other equivalent means. 
The following shall apply. 

(a) Fire walls and shrouds shall be 
constructed in such a manner that no 
hazardous quantity of air, fluids, or flame 
can pass from the compartment to other 
portions of the airplane. 

(b) All openings in the fire wall or 
shroud shall be sealed with close-fitting 
fireproof grommets, bushings, or fire
wall fittings. 

(c) Fire walls and shrouds shall be 
constructed of fireproof material and 
shall be protected against corrosion. 

ft 4b.487 Cowling and nacelle skin. 
(a) Cowling shall be constructed and 
supported so as to make it capable of 
resisting all vibration, inertia, and air 
loads to which it would be subjected in 
operation. 

(b) Cowling shall have drainage and 
ventilation provisions as prescribed in 
" 40.489. 

<c) On airplanes equipped with a dia
phragm complying with § 4b.488, the 
parts of the accessory section cowling 
which might be subjected to flame in the 
event of a fire In the engine power sec
tion of the nacelle shall be constructed 
of fireproof- material and shall comply 
with the provisions of § 4b.486„ 

(d) Those portions of the cowling 
which would be subjected to high tem
peratures due to their proximity to ex
haust system parts or exhaust gas 
impingement shall be constructed of fire
proof material. 

(e) The airplane shall be so designed 
and constructed that flre originating in 
the engine power or accessory sections 
cannot enter, either through openings 
or by burning through external skin, into 
any other zone of the nacelle where such 
fire would create additional hazards. If 
the airplane is provided with a retract

able landing gear, this provision shall 
apply with the landing gear retracted. 
Fireproof materials shall be used for all 
nacelle skin areas which might be sub
jected to flame in the event of a fire 
originating in the engine power or ac
cessory sections, 

5 4b. 488 Engine accessory section 
diaphragm. Unless equivalent protec
tion can be shown by other means, a 
diaphragm Shall be provided on air-
cooled engines to Isolate the engine 
power section and all portions of the 
exhaust system from the engine acces
sory compartment. This diaphragm 
shall comply with the provisions of 
% 4b.486. 

§ 4b.489 Drainage and ventilation of 
fire zones, (a) Provision shall be made 
for the rapid and complete drainage of 
all portions of designated flre zones in 
the event of failure or malfunctioning of 
components containing flammable fluids. 
The drainage provisions shall be so ar
ranged that the discharged fluid will not 
cause an additional flre hazard. 

(b) All designated flre zones shall be 
ventilated to prevent the accumulation 
of flammable vapors. Ventilation open
ings shall not be placed in locations 
which would permit the entrance of 
flammable fluids, vapors, or flame from 
other zones. The ventilation provisions 
shall be so arranged that the discharged 
vapors will not cause an additional flre 
hazard. 

(c) Except with respect to the engine 
power section of the nacelle and the 
combustion heater ventilating air ducts, 
provision shall be made to permit the 
crew to shut off sources of forced ventila
tion in any fire zone, unless the extin
guishing agent capacity and rate of dis
charge are based on maximum air flow 
through the zone. 

S 4b.490 Protection of other airplane 
components against fire. AH airplane 
surfaces aft of the nacelles, in the region 
of one nacelle diameter on both sides of 
the nacelle center line, shall be con
structed of fire-resistant material. This 
provision need not be applied to tail 
surfaces lying behind nacelles, unless the 
dimensional configuration of the air
craft is such that the tail surfaces could 
be affected readily by heat, flames, or 
sparks emanating from a designated flre 
zone or engine compartment of any 
nacelle, 

SUBPART F—EQUIPMENT 

G E N E R A L 

5 4b.<J00 Scope. The required basic 
equipment as prescribed in this subpart 
is the minimum which shall be installed 
in the airplane for certification. Such 
additional equipment as is necessary for 
a specific type of operation is prescribed 
in the operating rules of this subchapter. 

§ 4b 601 Functional and installational 
requirements. Each item of equipment 
shall be: 

(a) Of a type and design appropriate 
to perform its intended function, 

(b) labeled as to its identification, 
function, or operational limitations, or 
any combination of these, whichever is 
applicable, 

(c) Installed in accordance with speci
fied limitations of the equipment, 

<d) Demonstrated to function prop
erly in the airplane. 

5 4b.602 .Regiiired basic eguipment. 
The equipment listed in £§4b.603 
through 4b.605 shall be the required 
basic equipment. (See | 4b.COO.) 

S 4b.603 Flight and navigational in
struments. (See 14b.6l2 for installa
tion requirements.) 

(a) Air-speed indicating system, 
(b) Altimeter (sensitive), 
(c) Clock (sweep-second), 
(d) Free air temperature indicator, 
(e) Gyroscopic bank and pitch indi

cator, 
(f) Gyroscopic rate-of-turn Indicator 

(with bank indicator), 
(g> Gyroscopic direction indicator, 
(h) Magnetic direction indicator, 
(i) rtote-of-clirnlt indicator (vertical 

speed), 
(j) Maximum allowable air-speed in

dicator if an air-speed limitation results 
from compressibility hazards. (See 
S 4b. 710.) 

S4b.604 Powerplant instruments. 
(See 5 4b.613 for installation require
ments.) 

(a) Carburetor air temperature in
dicator for each engine, 

(b) Coolant temperature indicator 
for each liquid-cooled engine, 

(c> Cylinder head temperature Indi
cator for each air-cooled engine, 

(d) An individual fuel pressure indi
cator for each engine and either an in
dependent warning device for each 
engine or a master warning device for all 
engines with means for isolating the 
individual warning circuit from the 
master warning device, 

(e) Fuel flowmeter indicator or fuel 
mixture indicator for each engine not 
equipped with an automatic altitude 
mixture control, 

(f) Fuel quantity Indicator for each 
fuel tank, 

(g) Manifold pressure Indicator for 
each engine, 

(h) An individual oil pressure indica
tor for each engine and either an inde
pendent warning device for each engine 
or a master warning device for all 
engines with means for isolating the 
individual warning circuit from the 
master warning device. 

(i) Oil quantity indicator for each oil 
tank when a transfer or oil reserve sup
ply system is used. 

(j) Oil temperature Indicator for each 
engine, 

(k> Tachometer for each engine, 
(1) Fire warning Indicators (see 

S4b.485>. 
(m) A device for each engine capable 

of indicating to the flight crew 'during 
flight any change in the power output, 
if the engine Is equipped with an auto
matic propeller feathering system the 
operation of which is initiated by a power 
output measuring system or if the total 
engine cylinder displacement is 2,000 
cubic Inches or more. 

(n) A means for each reversing pro
peller to indicate to the pilot when the 
propeller is in reverse pitch. 
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J 4b.605 Miscellaneous equipment. 
(a) Approved seats for all occupants 
(see 5 4b.35B>, 

(o> Approved safety belts for all oc
cupants (see § 4b.643), 

(c) Master switch arrangement for 
electrical circuits other than ignition 
(see SI4b.623 and 4b.624>, 

(d) Source (s) of electrical energy (see 
§ 4b.620). 

(e) Electrical protective devices (see 
f4b.624>, 

<f) Radio communication sys tem 
(two-way), 

(g) Badio navigation system, 
(h) Windshield wiper or equivalent for 

each pilot, 
(i) Ignition switch for each and all 

engines (see § 4b.473), 
(J> Approved portable fire extin

guisher (see 5 4b,641). 
§ 4b.606 Equipment, systems, and in

stallations—(a) Functioning and reli
ability. All equipment, systems, and 
installations the functioning of which is 
necessary in showing compliance with 
the regulations in this subchapter shall 
be designed and installed to insure that 

F L A P CONTROL KNOB 

T H R O T T L E CONTROL KNOB 

they will perform their Intended func
tions reliably under all reasonably fore
seeable operating conditions. 

(b) Hazards. All equipment, systems, 
and installations shall be designed to 
safeguard against hazards to the air
plane in the event of their malfunction
ing or failure. 

(c) Power supply. Where an instal
lation the functioning of which is neces
sary In showing compliance with the 
regulations of this subchapter requires a 
power supply, such installation shall be 
considered an essential load on the power 
supply, and the power sources and the 
system shall be capable of supplying the 
following power loads in probable oper
ating combinations and for probable 
durations: 

(1> All loads connected to the system 
With the system functioning normally; 

(2) All essential loads after failure of 
any one prime mover, power converter. 
Or energy storage device; 

(3) All essential loads after failure of 
any one engine on two- or three-engine 
airplanes, or after failure of any two 

LANDING G E A R CONTROL KNOB 

R P M CONTROL KNOB 

T 
M I X T U R E CONTROL KNOB S U P E R C H A R G E R CONTROL KNOB 

FiGtttE 4 b - 2 3 — C o n t r o l knob shapes. 

engines on four-or-more-engine air
planes. 

I N S T R U M E N T S ; I N S T A L L A T I O N 

§ 4b.610 General. The provisions of 
5§ 4b.611 through 4b.613 shall apply to 
the installation of instruments. 

| 4b.611 Arrangement and visibility 
of instrument installations, (a) Flight, 
navigation, and powerplant instruments 
for use by each pilot shall be plainly vis
ible to him from his station with the 
minimum practicable deviation from his 
normal position and line of vision when 
he is looking out and forward along the 
flight path. 

(b) Flight instruments required by 
8 4b.603 shall be grouped in accordance 
with one of the flight instrument panels 
in Figure 4b-23 dependent upon which 
instruments are installed. The panel 
shall be centered as nearly as practicable 
about the vertical plane of the pilot's 
forward vision. The required flight in
struments not shown in Figure 4b-23 
shall be placed adjacent to the pre
scribed grouping. 

(c) All the required powerplant In
struments shall be closely grouped on the 
instrument panel. 

(d) Identical powerplant instruments 
for the several engines shall be located 
to prevent any misleading impression as 
to the engines to which they relate. 

(e) Powerplant instruments vital to 
the safe operation of the airplane shall 
be plainly visible to the appropriate crew 
members. 

<f) The vibration characteristics of 
the instrument panel shall be such as 
not to Impair seriously the accuracy of 
the instruments or to damage them, 

S 4b.612 Flight and navigational in
struments—(a) Air-speed indicating 
systems. (1) Air-speed indicating in
struments shall be of an approved type 
and shall be calibrated to indicate true 
air speed at sea level in the stand
ard atmosphere with a minimum prac
ticable instrument calibration error 
when the corresponding pitot and static 
pressures are applied to the instrument. 

(2) The air-speed indicating system 
shall be calibrated to determine the sys
tem error, 1. e., the relation between 
IAS and CAS, in flight and during the 
accelerated take-off ground run. The 
ground run calibration shall be obtained 
from 0.8 of the minimum value of V i to 
the maximum value of V,, taking into 
account the approved altitude and 
weight range for the airplane. In the 
ground run calibration, the flap and 
power settings shall correspond with the 
values determined in the establishment 
of the take-off path under the provisions 
of S 4b.116, assuming the critical engine 
to fail at the minimum approved value 
of V,. 

(3) The air-speed error of the instal
lation, excluding the air-speed Indica
tor instrument calibration error, shall 
not exceed 3 percent or 5 mph, which
ever is the greater, throughout the speed 
range from V y o to 1.3 V,^ with flaps re
tracted, «ujd from 1.3 V, 0 to VrB with 
Saps In the landing position. 

(4) The air-speed indicating system 
shall be arranged in so far as practicable 
to preclude malfunctioning or serious 
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error due to the entry of moisture, dirt, 
or other substances. 

(5) The air-speed indicating system 
shall be provided with a heated pitot 
tube or equivalent means of preventing 
malfunctioning due to icing. 

( 6 ) Where duplicate air-speed indi
cators are required, their respective pitot 
tubes shall be spaced apart to avoid dam
age to both tubes In the event of a col
lision with a bird. 

(b) Static air vent and pressure 
altimeter systems. (1) AH Instruments 
provided with static air case connections 
shall be vented to the. outside atmos
phere through an appropriate piping 
system. 

(2) The vent(s) shall be so located on 
the airplane that its orifices will be least 
affected by air flow variation, moisture, 
or other foreign matter. 

(3) The installation shall be such 
that the system will be air-tight, except 
for the vent Into the atmosphere. 

(4) Pressure altimeters shall be of an 
approved type and shall be calibrated to 
Indicate pressure altitude in standard 
atmosphere with a minimum practicable 
instrument calibration error when the 
corresponding static pressures are ap
plied to the instrument. 

(5) The design and installation ot the 
altimeter system shall be such that the 
error In indicated pressure altitude at sea 
level in standard atmosphere, excluding 
Instrument calibration error, does not 
result in a reading more than 20 feet 
high nor more than 50 feet low in the 
speed range between 1.3 V%0 (flaps ex
tended) and 1.8V», (flaps retracted). 

(c) Magnetic direction indicator. U) 
The magnetic direction Indicator shall 

be Installed so that its accuracy will not 
be excessively affected by the airplane's 
vibration or magnetic fields of a perma
nent or transient nature. 

(2) After the magnetic direction Indi
cator has been compensated, the calibra
tion shall be such that the deviation In 
level flight does not exceed ±10" on any 
heading. 

(3) A calibration placard shall he pro
vided as specified In 5 4b.733. 

(d) Automatic pilot system. It an 
automatic pilot system is installed. It 
shall be of an approved type, and the 
following shall be applicable: 

(1) The actuating (servo) devices 
shall be of such design that they can, 
when necessary, be disengaged positively 
and be overpowered by the pilot to enable 
him to maintain control of the airplane. 

<2) A means shall be provided to in
dicate readily to the pilot the alignment 
of the actuating device in relation to the 
control system which it operates, except 
when automatic synchronization Is pro
vided. 

(3) The manually operated control (s) 
for the system's operation shall be 
readily accessible to the pilot. 

(4) The automatic pilot systepi shall 
be of such design and so adjusted that, 
within the range of adjustment available 
to the human, pilot, it cannot produce 
hazardous loads on the airplane or create 
hazardous deviations in the sight path 
under any conditions of flight appropri
ate to its use either during normal oper
ation or in the event of malfunctioning, 
assuming; that corrective action is initi
ated within a reasonable period of time. 

(«) Instruments utilizing a power sup
ply. Each required flight instrument 

AI)F—Automatic d i r e c t i o n finder. 
A H — A p p r o a c h H o r i z o n . 
A L T — A l t i m e t e r . 
A S — A i r speed-
CI—Course I n d i c a t o r . 
D O — D i r e c t i o n gyro . 
H O R — A r t i f i c i a l h o r i z o n ( b a n k a n d p i t c h ) . 

H S — B e a d i n g selector. 
D ^ S — I n s t r u m e n t l a n d i n g sys tem. 
O B S — o m n l - b e a r t n g selector. 
B / C — K a t e o f c l i m b . 
K i n - — R a d i o m a g n e t i c I n d i c a t o r . 
T / B — T u r n a n d b a n k . 
Z U — Z e r o reader . 

utilizing a power supply shall be pro
vided with two independent sources of 
power, a means of selecting either power 
source, and a means of indicating the 
adequacy of the power being supplied 
to the Instrument. The installation and 
power supply system shall be such that 
failure of one instrument, or of the 
energy supply from one source, or a fault 
in any part of the power distribution 
system, will not interfere with the proper 
supply of energy from the other source. 
(See also §5 4b.606 (c) and 4b.623.> 

(f) Duplicate instrument systems. If 
duplicate sets of flight instruments are 
required by the regulations In this sub
chapter, each set shall be provided with 
a completely Independent operating sys
tem. Additional instruments shall not 
be connected to the first pilot system. 
If additional instruments are connected 
to the other system, provision shall be 
made to disconnect or Isolate in flight 
such additional instruments. 

§ 4b.613 Powerplant instruments— 
(a) Instrument lines. (I) Powerplant 
instrument lines carrying flammable 
fluids or gases under pressure shall be 
provided with restricted orifices or 
equivalent safety devices at the source 
of the pressure to prevent the escape of 
excessive fluid or gas in case of line 
failure. 

(2) The provisions of 55 4b.432 and 
4b,433 shall be made applicable to power-
plant Instrument lines. 

(b) Fuel quantity indicator. Means 
shall be provided to Indicate to the flight 
crew the quantity in gallons or equiva
lent units of usable fuel In each tank 
during flight. The following shall apply. 

(V Tanks, the outlets and air spaces 
of which are interconnected, shall be 
considered as one tank for the purpose of 
providing separate indicators, 

(2) Exposed sight gauges shall be 
protected against damage. 

(3) Fuel quantity Indicators shall be 
calibrated to read zero during level flight 
when the quantity of fuel remaining in 
the tank Is equal to the unusable fuel 
supply as defined by § 4b.4l6 (see 
} 4b.736). 

(c) Fuel flowmeter system. jThen a 
flowmeter system is installed, the meter
ing component shall include a means for 
by-passing the fuel supply in the event 
that malfunctioning of the metering 
component results in a severe restriction 
to fuel flow. 

(d) Oil quantity indicator. (1) A 
stick gauge or other equivalent means 
shall be provided to indicate the quan
tity of oil in each tank. (See § 4b.735.) 

(2) If an oil transfer system or a 
reserve oil supply system Is Installed, 
means shall be provided to indicate to 
the crew during flight the quantity of 
oil in each tank. 

E L E C T R I C A L S Y S T E M S A N D E Q U I P K E N T 

S 4b.620 General. The provisions of 
55 4b.821 through 4b.627 shaH apply to 
all electrical systems and equipment, 
(See also 5 4b.606.> 

} 4b.621 Electrical system capacity. 
The required generating capacity and 
the number and type of power sources 
shall be determined by an electrical load 
analysis and shall comply with { 4b.(H)6 
(c). PIGXTBX 4 b - 2 3 — B A S I C A J G B T I N S I X O U E N T P A N E L A R R A N G E M E N T . 
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5 4b.622 Generating system. (a) 
The generating system shall be con
sidered to include electrical power 
sources, main power busses, transmis
sion cables, and associated control, regu
lation, and protective devices. 

(b) The generating system shall be so 
designed that the power sources func
tion properly both when connected in 
combination and independently, and the 
failure or malfunctioning of any power 
source cannot create a hazard or impair 
the ability of the remaining sources to 
supply essential loads. 

<c) Means accessible in flight to ap
propriate crew members shall be pro
vided f,or the individual and collective 
disconnection of electrical power sources 
from the main bus. 

(d) Means shall be provided to Indi
cate to appropriate crew members those 
generating system quantities which are 
essential for the safe operation of the 
system. 

N a m : T h e v o l t a g e a n d c u r r e n t s u p p l i e d 
b y e a c h g e n e r a t o r a r e q u a n t i t i e s c o n s i d e r e d 
e s s e n t i a l . 

5 4b.623 Distribution system. (a) 
The distribution system shall be con
sidered to include all distribution busses, 
their associated feeders, and control and 
protective devices. 

(b) Individual distribution systems 
shall be designed to insure that essen
tial load circuits can be supplied in the 
event of reasonably probable faults or 
open circuits. 

(c) Where two independent sources 
of electrical power for particular equip
ment or systems are required by the 
Civil Air Regulations, their electrical 
energy supply shall be assured. 

N o n e : V a r i o u s m e a n s m a y b e u s e d t o a s 
s u r e a s u p p l y , s u c h a s d u p l i c a t e e l e c t r i c a l 
e q u i p m e n t , t h r o w - o v e r s w i t c h i n g , a n d m u l t i 
c h a n n e l o r l o o p c i r c u i t s s e p a r a t e l y r o u t e d . 

14b.624 .Electrical protection, (a) 
Automatic protective devices shall be 
provided to minimize distress to the elec
trical system and hazard to the airplane 
in the event of wiring faults or serious 
malfunctioning of the system or con
nected equipment. 

(b) In the generating system the pro
tective and control devices shall be such 
as to de-energize and disconnect faulty 
power sources and power transmission 
equipment from their associated busses 
with sufficient rapidity to provide pro
tection against hazardous overvoltage 
and other malfunctioning. 

(c) All resettable type circuit protec
tive devices shall be so designed that, 
when an overload or circuit fault exists, 
they will open the circuit irrespective 
Of the position of the operating control. 

(d) Protective devices or their con
trols used in essential load circuits shall 
be accessible for resetting in flight. 

(e) Circuits for essential loads shall 
have individual circuit protection. 

Nora": T h i s p r o v i s i o n d o e s n o t n e c e s s a r i l y 
r e q u i r e I n d i v i d u a l p r o t e c t i o n l o r e a c h c i r 
c u i t I n a n e s s e n t i a l l o a d s y s t e m ( e . g . , e a c h 
p o s i t i o n U g h t I n t h e s y s t e m ) . 

(f) If fuses are used, there shall be 
provided spare fuses for use in flight 
equal to at least 60 percent of the num
ber of fuses of each Tating required for 
complete circuit protection. 

5 4b.625 Electrical equipment and in
stallation, (a) In showing compliance 
with 5 4b.606 (a) and (b) with respect 
to the electrical system, equipment, and 
installation, consideration shall be given 
to critical environmental conditions. 

NOTE: C r i t i c a l e n v i r o n m e n t a l c o n d i t i o n s 
m a y i n c l u d e t e m p e r a t u r e , p r e s s u r e , h u m i d 
i t y , v e n t i l a t i o n , p o s i t i o n , a c c e l e r a t i o n , v i b r a 
t i o n , a n d p r e s e n c e o f d e t r i m e n t a l s u b s t a n c e s . 

(b) All electrical equipment, controls, 
and wiring shall be so installed that 
operation of any one unit or system of 
units will not affect adversely the simul
taneous operation of any other electrical 
unit or system of units essential to the 
safe operation of the airplane. 

(c) Cables shall be grouped, routed, 
and spaced so that damage to essential 
circuits will be minimized In the event 
of faults in heavy current-carrying 
cables. 

(d) Batteries and their installations 
shall provide for ventilation, drainage 
of fluids, venting of gases, and protection 
of other parts of the airplane from cor
rosive battery fluids. 

§ 4b.626 Electrical system fire and 
smofce protection. The design and in
stallation of all components of the elec
trical system shall be in compliance with 
pertinent fire and smoke protection pro
visions of §5 4b.371(c). 4b,385, and4b.490. 
In addition, all electrical cables, termi
nals, and equipment which are necessary 
in emergency procedures and which are 
located in designated fire zones shall be 
fire-resistant. 

§4b.«27 Electrical system tests and 
analyses. It shall be demonstrated by 
tests and analyses that the electrical 
system functions properly and without 
electrical or thermal distress. 

LIGHTS 

S 4b.630 Instrument lights, (a) In
strument lights shall provide sufficient 
illumination to make all instruments, 
switches, etc., easily readable. 

(b> Instrument lights shall be so in
stalled that their direct rays are shielded 
from the pilot's eyes and so that no ob
jectionable reflections are visible to him. 

(c) A means of controlling the inten
sity of lUumlnation shall be provided, 
unless it is shown that non-dimmed in
strument lights are satisfactory under 
all expected conditions ot flight. 

5 4B.631 Landing lights, (a) Landing 
lights shall be of an approved type. 

(b) Landing lights shall be Installed 
so that there is no objectionable glare 
visible to the pilot and so that the pilot 
is not adversely affected by halation. 

<c> Landing lights shall be installed in 
a location where they provide the nec
essary illumination for night landing. 

(d> A switch for each light shall be 
provided, except that where multiple 
lights are installed at one location a sin
gle switch for the multiple lights shall be 
acceptable. 

5 4b.632 Position light system installa
tion—(a) General. The provisions of 
§5 4b.632 through 4b,635 shall be appli
cable to the position light system as a 
Whole. The position light system shall 
include the items specified in paragraphs 
(b) through (f) of this section. 

(b) Forward position lights. Forward 
position lights shall consist of a red and 
a green light spaced laterally as far apart 
%s practicable and installed forward on 
an airplane in such a location that, with 
the airplane in normal flying position, 
the red light is displayed on the left aide 
and the green light is displayed on the 
right side. The individual lights shall 
be of an approved type. 

«s> .Rear position lights. Rear posi
tion lights shall consist of a red and a 
White light mounted on the airplane as 
far aft as practicable and located In close 
proximity to each other. The individual 
lights shall be of an approved type. 

(d) Fuselage lights. Fuselage lights 
shall consist of two white lights installed 
approximately in line with the forward 
position lights. One of these lights shall 
be mounted on the top of the fuselage, 
the other on the bottom. In the case of 
seaplanes, the location of the bottom 
fuselage light shall be subject to specific 
approval. The individual lights shall 
be of an approved type. 

(e) Flasher. A position light flasher 
of an approved type shall be installed 
and shall comply with subparagraphs (1) 
through C3) of this paragraph. 

(1) The forward position lights and 
the fuselage lights shall flash simul
taneously at a rate of not less than 65 
and not more than 85 flashes per minute. 

(2) The rear position lights shall be 
energized alternately, such that the red 
light flashes during one flash of the for
ward position lights and the fuselage 
lights, and the white light flashes during 
the next flash of the forward position 
lights and the fuselage lights. 

(3) A switch shall be provided In the 
system to disconnect the flasher from 
the circuit so that continuous light can 
be supplied by the forward position 
lights and the white rear position Ught 
with the remaining lights unenergiaed. 

(f) Light covers and color filters. 
Light covers or color niters used shall 
be of noncombustible material and shall 
be constructed so that they will not 
change color or shape or suffer any ap
preciable loss of light transmission dur
ing normal use. 

S 4b. 633 Position light system dihedral 
angles. The forward and rear position 
lights as installed on the airplane shall 
show unbroken light within dihedral 
angles specified in paragraphs (a) 
through <c) of this section. 

(a) Dihedral angle L (left) shall be 
considered formed by two intersecting 
vertical planes, one parallel to the longi
tudinal axis of the airplane and the 
other at 110° to the left of the first, 
when looking forward along the longi
tudinal axis, 

(b) Dihedral angle R (right) shall be 
considered formed by two intersecting 
vertical planes, one parallel to the longi
tudinal axis of the airplane and the 
other at 110" to the right of the first, 
when looking forward along the longitu
dinal axis. 

(c> Dihedral angle A (aft) shall be 
considered formed by two intersecting 
vertical planes making angles of 70* to 
the right and 70° to the left, respectively, 
looking aft along the longitudinal axis, 
to a vertical plane passing through the 
longitudinal axis. 
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5 4b,634 Position light distribution 
and intensities—(a) General. The in
tensities prescribed in this section are 
those to be provided by new equipment 
with all light covers and color filters in 
place. Intensities shall be determined 
with the light source operating at a 
steady value equal to the average lumi
nous output of the light source at the 
normal operating voltage of the airplane. 
The light distribution and intensities of 
position lights shall comply with the 
provisions of paragraphs <b) and (c) 
of this section. 

(b) Forward and rear position lights. 
The light distribution and intensities of 
forward and rear position lights shall be 
expressed in terms of minimum inten
sities in the horizontal plane, minimum 
intensities in any. vertical plane, and 
maximum intensities in overlappng 
beams, Within dihedral angles L, R, and 
A, and shall comply with the provisions 
of subparagraphs <1> through (3) of 
this paragraph, 

(1) Intensities in horizontal plane. 
The Intensities in the horizontal plane 
shall not be less than the values given in 
figure 4b-l8. (The horizontal plane is 
the plane containing the longitudinal 
axis of the airplane and is perpendicular 
to the plane of symmetry of the air
plane.) 

(2) Intensities abo»e and below hori
zontal. The intensities in any vertical 
plane shall not be less than the appropri
ate value given in figure 4b-19, where I 
is the minimum intensity prescribed in 
figure 4b-18 for the corresponding 
angles in the horizontal plane. (Vertical 
planes are planes perpendicular to the 
horizontal plane.) 

(3) Overlaps between adjacent signals. 
The intensities in overlaps between ad
jacent signals shall not exceed the values 
given in figure 4b-20. 

(c) Fuselage lights. The illuminating 
Intensity of the top and the bottom fuse
lage lights individually shall be equiva
lent to that which would be furnished by 
a 32-candlepower lamp Installed in a re
flector of high reflective properties. The 
lights shall have a clear cover and the 
light distribution shall be reasonably uni
form throughout approximately a hemi
sphere. 

Dihedral angle (light 
involved) 

Anglo from right 
or lert of longi

tudinal Axis, 
measured from 

dead ahead 

Intensi ty 
(candles) 

t a n d R (forward ted 
and green). 

A (Rear white) 

f 0 ° t o 10° 
1 10° to 20° 
I 20" to 110" 

110° to ISO* 
110° to 180° 

40 
SO 
s 

SO 
4 A (Bear red) 

f 0 ° t o 10° 
1 10° to 20° 
I 20" to 110" 

110° to ISO* 
110° to 180° 

40 
SO 
s 

SO 
4 

F i o n a s 4b-18—MINIMUM I N T E N S I T I E S m T H E Hour-
M W T A I r u m o r F O B W A R T J AWD R E A R P O S I T I O N 
LiflHTS 

Angle above or below 
horizontal Intensity 

0» 1.091. 
.901, 
.80 I . 
.701. 
.601. 
.301. 
.101. 
A t least 2 candles. 

0° to 6° 
1.091. 

.901, 

.80 I . 

.701. 

.601. 

.301. 

.101. 
A t least 2 candles. 

« • to 10° 

1.091. 
.901, 
.80 I . 
.701. 
.601. 
.301. 
.101. 
A t least 2 candles. 

1D° to 1S° 

1.091. 
.901, 
.80 I . 
.701. 
.601. 
.301. 
.101. 
A t least 2 candles. 

1S° to 30° 
20° to 30° 

1.091. 
.901, 
.80 I . 
.701. 
.601. 
.301. 
.101. 
A t least 2 candles. 

3 0 ° t a 4 0 ° 

1.091. 
.901, 
.80 I . 
.701. 
.601. 
.301. 
.101. 
A t least 2 candles. 40° to 90° 

1.091. 
.901, 
.80 I . 
.701. 
.601. 
.301. 
.101. 
A t least 2 candles. 

1.091. 
.901, 
.80 I . 
.701. 
.601. 
.301. 
.101. 
A t least 2 candles. 

y i o r i K E 4b-V9—MINIMUM INTENSITIES IN ANY VIBTICAI 
PLANS o r FOEWABD AND HEAR POSITION LIGHTS 

1 4D.635 Position light color specifica
tions. The colors of the position lights 
shall have the International Commission 
on Illumination chromaticity coordinates 
as set forth in paragraphs (a) through 
(C) of this section. 

(a) Aviation red. 
y I s n o t g r e a t e r t h a n 0535, 
2 i s n o t g r e a t e r t h a n 0002 ; 

(b) j4oioiio» green. 
x I s n o t g r e a t e r t h a n 0.440—0.330)/, 
x I s n o t g r e a t e r t h a n y—0.170, 
y i s n o t l e s s t h a n 0.390—0.170s; 

(c) Aviation white. 
x l a n o t l e s s t h a n 0 350. 
x i s n o t g r e a t e r t h a n . 0.540, 
y—ya i s n o t n u m e r i c a l l y g r e a t e r t h a n 0.01, 

y0 b e i n g t h e y c o o r d i n a t e o f t h e F l a n c b l a n 
r a d i a t o r f o r ^shic ta *j=s. 

C R O S S R E F E H E N C E : F o r S p e c i a l C i v i l A i r 
R e g u l a t i o n S B - 3 9 0 , m o d i f y i n g r e g u l a t i o n s 
w i t h r e s p e c t t o t h e p o s i t i o n l i g h t s y s t e m , s e e 
N o t e 2 t o t i l l s p a r t , supra. 

Overlaps 

MasiTnuTB Intensity 

Overlaps 
A r e * A 

(candles) 
Area B 

(candles) 

10 1 
R e d in dihedral angle B 10 1 

5 1 
E e d la dihedral angle A 6 1 
Hear white or rear red in dihedral 

i 1 
R e a r white or rear red in dihedral 

6 1 

NOTE. Area A represents the overlap In a n y plane 
bounded by two straight lines forming angles oi 10° 
coa 9 and 30° cos 0 to the common boundary of the 
dihedral Angles considered. Area B represents the over
lap in any plane beyond 20° cos ». I is the angle of 
the plane to the horizontal plane. 

PIOTJSE 4h-20—JMATWtJM. i N T X H S i m S IW O V E R L A F F m a 
BEAMS o r FCJBWA.RO Attn REAR POSIT.ON LIGHTS 

14b.636 Riding light, (a) When a 
riding (anchor) light is required for a 
seaplane, flying boat, or amphibian, it 
shall be capable of showing a white light 
for at least two miles at night under 
clear atmospheric conditions. 

(b) The riding light shall be installed 
to show the maximum unbroken light 
practicable when the airplane is moored 
or drifting on the water. Externally 
hung lights shall be acceptable. 

5 4b, 637 Anti-collision light. If an 
anti-collision light is used, it shall be of 
the rotating beacon type installed on top 
of the fuselage or tall in such a location 
that the light would not be detrimental 
to the crew's vision and would not de
tract from the conspicuity of the posi
tion lights. The color of the anti-colli
sion light shall be aviation red in 
accordance with the specifications of 
& 4b.635 (a). The arrangement of the 
anti-collision light, i. e., number of light 
sources, beam width, speed of rotation, 
etc., shall be such as to give an effective 
flash frequency of not less than 40 and 
not more than 160 cycles per minute, 
with an on-off ratio not less than 1:75. 
If an anti-collision light is used, it shall 
be permissible to install the position 
lights in a manner so that the forward 
position lights and the rear white posi
tion light are on steady while the fuse
lage lights and the rear red position 
light are not energized. 

NOTE: A n o n - o f f r a t i o o f n o t l e s s t h a n 
1:75 I s e q u i v a l e n t t o a t o t a l a n g u l a r l i g h t 

b e a m w i d t h o f n o t l e s s t h a n a p p r o x i m a t e l y 
e d e g r e e s . 

SAFETY EQUIPMENT 

S 4b,640 Ice protection. When an Ice 
protection system is installed, it shall be 
of an approved type, If pneumatic boots 
are used, at least two Independent 
sources of power and a positive means for 
the deflation of the boots shall be 
provided. 

5 4b.641 Hand fire extinguishers. 
(See $|4b.381, 4b.3S2, and 4b,383.) 
[Amdt. 4 b - 6 . 1 7 F , H. 1 0 8 9 , F e f c . S . I 9 5 2 J 

$ 4b.642 Flare installation. (a) 
Parachute flares shall be releasable from 
the pilot compartment and Installed to 
rrurdmize the danger of accidental dis
charge. 

(b) It shall be demonstrated in flight 
that the flare installation is such that 
ejection can be accomplished without 
hazard to the airplane and its occupants. 

(c) If recoil loads are Involved in the 
ejection of the flares, the structure of the 
airplane shall withstand such loads. 

5 4b.643 Safety belts. Safety belts 
shall be of an approved type. In no case 
shall the Tated strength of the safety 
belt be less than that corresponding with 
the ultimate load factors specified in 
5 4b,260 (a), taking due account of the 
dimensional characteristics of the safety 
belt installation for the specific seat or 
berth arrangement. Safety belts shall 
be attached so that no part of the an
chorage will fall at a load lower than 
that corresponding with the ultimate 
load factors specified in I 4&.260 (a), 

S 4b.644 Safety belt signal. When 
means are provided to indicate to the 
passengers when seat belts should be 
fastened, the device shall be so installed 
that it can be operated from the seat of 
either pilot or copilot. 

S 4b.645 Ditching equipment. When 
the airplane is certificated for ditching In 
accordance with § 4b.361, and when re
quired by the operating rules for the 
particular route to be flown, the ditch
ing equipment shall be as prescribed in 
paragraphs (a) through (d) of this 
section. 

(a) Life rafts. Life rafts shall be of 
an approved type. Unless excess rafts 
of sufficient capacity are provided, the 
buoyancy and seating capacity beyond 
the rated capacity of the rafts shall be 
such as to accommodate all occupants 
of the airplane in the event of a loss of 
one life raft of the largest rated capacity 
on board. Bach life raft shall be 
equipped with a trailing line and with a 
static line, the latter designed to hold 
the raft near the airplane but to release 
it in case the airplane becomes totally 
submerged. Each raft shall contain 
obvious markings of instruction on the 
operation of the raft. 

(b) Life raft equipment. Approved 
equipment intended for survival shall be 
attached to each life raft and marlced 
for identification and method of opera
tion. 

N O T E : T h e e x t e n t a n * t y p e o f EUTVWB.1 
e q u i p m e n t w i l l d e p e n d u p o n t h e r o u t e o v e r 
W h i c h t h e a i r p l a n e l a o p e r a t e d . 

(c) Long-range signalling device. An 
approved long-range signalling device 
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shall be provided for use in one of the 
life rafts. 

(d) Life preservers. Life preservers 
shall be of an approved type. They shall 
be reversible and shall contain obvious 
markings of instruction on their use, 

8 4b.646 Stowage of safety equipment. 
Special stowage provisions shall be made 
for all prescribed safety equipment to be 
used in emergencies. The stowage pro
vision shall be such that the equipment 
is directly accessible and its location is 
obvious. All safety equipment shall be 
protected against inadvertent damage. 
The stowage provisions shall be marked 
conspicuously to identify the contents 
and to facilitate removal of the equip
ment. In addition, the following shall 
specifically apply. 

(a) Emergency exit means. The stow
age provisions for the emergency exit 
means required by § 4b.362 (e) CJ) shall 
be located at the exits which they are 
intended to serve. 

<b) Life rafts. The provisions for the 
stowage of life rafts required by § 4b.645 
(a) shall accommodate a sufficient num
ber of rafts for the maximum number of 
occupants for which the airplane Is cer
tificated for ditching. Stowage shall be 
near exits through which the rafts can 
be launched during an unplanned ditch
ing. Rafts automatically or remotely 
released on the outside of the airplane 
shall be attached to the airplane by 
means of the static line prescribed in 
5 4b.645 (a). 

(c) Long-range signalling device. The 
stowage provisions for the long-range 
signalling device required by 5 4b.645 (c) 
shall be located near an exit to be avail
able during an unplanned ditching, 

(d) Life preservers. The provisions 
for the stowage of life preservers re
quired by § 4b,645 (d) shall accommo
date one life preserver for each occupant 
for which the airplane is certificated for 
ditching. They shall be located so that 
a life preserver is within easy reach of 
each occupant wliile seated. 

MISCELLANEOUS EQUIPMENT 

I 4b.<550 Radio and electronic equip
ment, (a) In showing compliance with 
I 4b.606 (a) and (b) with respect to radio 
and electronic equipment and their in
stallations, consideration shall be given 
to critical environmental conditions. 

K a r a ; C r i t i c a l e n v i r o n m e n t a l c o n d i t i o n s 
m a y Inc lude t empera tu re , pressure, h u m i d i t y , 
v e n t i l a t i o n , p o s i t i o n , accelerat ion, v i b r a t i o n , 
a n d presence of d e t r i m e n t a l substances. 

<b) Radio and electronic equipment 
shall be supplied with power in accord
ance with the provisions of g 4b,623 <c). 

(c) All radio and electronic equip
ment, controls, and wiring shall be so 
Installed that operation of any one unit 
or system of units will not affect ad
versely the simultaneous operation of 
any other radio or electronic unit or 
system of units required by the regula
tions in this subchapter. 

I 4b.65l Oxygen equipment and sup
ply. When required by the operating 
rules of the regulations in this subpart, 
the supplemental and protective breath
ing equipment and its installation shall 
meet the following requirements. 

fa) General. The oxygen system in
stalled shall be free from hazards in it
self, in its method of operation, and in 
its effect on other components of the air
plane. Means shall be provided to enable 
the crew to determine the quantity of 
oxygen available in each source of 
supply. 

<b) Required minimum mass flow of 
supplemental oxygen. The minimum 
mass flow of supplemental oxygen re
quired per person at various cabin pres
sure altitudes shall be at least that in
dicated on figure 4b-21. 

<c> Equipment standards for distri
bution system. Where oxygen Is to be 
supplied to both crew and passengers, 
the distribution system shall be designed 
to provide either: 

(1) A source of supply for the flight 
crew on duty and a separate source for 
the passengers and other crew mem
bers, or 

(2) A common source of supply with 
means provided so that the minimum 
supply required by the flight crew on 
duty can be separately reserved. 

(d) Equipment standards for dispens
ing units. An individual dispensing unit 
shall be provided for each crew member 
and passenger for whom supplemental 
oxygen is required to be furnished. All 

units shall be designed to cover the nose, 
and at least 25 percent of the units re
quired to be furnished shall. In addition, 
cover the mouth. (For crew masks to be 
used for protective breathing purposes 
see paragraph <h> of this section.) 

(e) Means for determining rise of 
oxygen. Means shall be provided to en
able the crew to determine whether oxy
gen is being delivered to each user. 

<f> Fire protection. (1) Oxygen 
equipment and lines shall not be located 
in any designated fire zone, 

(2) Oxygen equipment and lines shall 
be protected from heat which may be 
generated in or escape from any desig
nated fire zone. 

( 3 ) Oxygen equipment and lines shall 
be so installed that escaping oxygen 
cannot cause ignition of accumulations 
of grease, fluids, or vapors which are 
likely to be present in normal operation 
or as a result of failure or malfunction
ing of any system. 

(g) Protection from rupture. Oxy
gen pressure tanks and lines between 
tanks and the shutoff means shall be 
protected from the effects of unsafe 
temperatures, and shall be so located In 
the airplane as to minimize the possi
bility and the hazards of rupture in a 
crash landing. 
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(h) Protective breathing system. 
When protective breathing equipment is 
required by the Civil Air Regulations, it 
shall be designed to protect the flight 
crew from the effects of smoke, carbon 
dioxide, and other harmful gases while 
on flight deck duty and while combating 
fires in cargo compartments (see 5 4b.380 
(c)). The protective breathing equip
ment and the necessary supply of oxygen 
shall be in accordance with the follow
ing provisions. 

(1) The protective breathing equip
ment shall Include masks covering the 
eyes, nose, and mouth, or only the nose 
and mouth where accessory equipment 
is provided to protect the eyes. 

(2) A supply of protective oxygen per 
crew member shall be of 15-minute dura
tion at a pressure altitude of 8,000 feet 
and a respiratory minute volume of 30 
liters per minute BTFD. 

NOTE : W h e n a d e m a n d type oxygen sys tem 
Is employed, a supp ly o f 300 l i t e r s o f free 
oxygen a t 70° P. a n d 760 m m Hp . pressure Is 
considered t o be o f 1 5 - m l n u t e d u r a t i o n a t 
t h e prescribed a l t i t u d e a n d m i n u t e v o l u m e . 
W h e n a c o n t i n u o u s flow p ro t ec t i ve b r e a t h i n g 
sys tem Is used, I n c l u d i n g a mask w i t h a 
Btandard rebrea ther bag, a n o w ra t e of 60 
l i t e r s per m i n u t e a t 8,000 feet (46 l i t e r s per 
m i n u t e a t sea level ) a n d a s u p p l y o f 600 
l i t e r s o f free oxygen a t 70* P. a n d 760 m m 
H g . pressure is considered t o be o f 1 5 - m l n u t e 
d u r a t i o n a t ptesor ibed a l t i t u d e a n d m i n u t e 
v o l u m e . ( B T P D refers t o body t empera tu re 
c o n d i t i o n s , 1. e „ 37" C , a t a m b i e n t pressure, 
d r y . ) 

3 4b.652 Engine-driven accessories. 
Engine-driven accessories essential to 
safe operation of the airplane shall be 
so distributed among two or more en
gines that the failure of any one engine 
will not impair the safe operation of the 
airplane. 

3 4b.653 Hydraulic systems; 
strength—(a) Structural loads. All ele
ments of the hydraulic system shall be 
designed to withstand, without detri
mental permanent deformation, all 
structural loads which may be imposed 
simultaneously with the maximum hy
draulic loads occurring in operation. 

(b) Proof pressure tests. All elements 
of the hydraulic system shall be tested 
to a proof pressure of 1.5 times the maxi
mum pressure to which the part will be 
subjected in normal operation. In such 
test no part of the hydraulic system 
shall fail, malfunction, or suffer detri
mental deformation. 

(c) Burst pressure strength. Indi
vidual hydraulic system elements shall 
be designed to withstand pressures which 
are sufficiently increased over the pres
sures prescribed in paragraph (b> of this 
section to safeguard against rupture 
under service conditions. 

N o r a : T h e f o l l o w i n g pressures, i n t e rms o f 
percentage o f m a x i m u m ope ra t ing pressure 
f o r t h e p a r t i c u l a r e lement , i n m o s t ins tances 
are sufficient t o insu re agains t r u p t u r e I n 
service: 350 pe rcen t i n u n i t s u n d e r oU pres
sure, 400 pe rcen t i n u n i t e c o n t a i n i n g a i r a n d 
oU u n d e r pressure a n d I n l ines , hoses, a n d 
fittings, 300 pe rcen t i n u n i t s o l sys t em s u b 
j e c t e d t o back, pressure. 

} 4b.654 Hydraulic systems; design— 
(a) Pressure indication. A means shall 
be provided to indicate the pressure in 
each main hydraulic power system. 

(b) Pressure limiting provisions. Pro
vision shall be made to assure that pres
sures in any part of the system will not 
exceed a safe limit above the maximum 
operating pressure of the system and to 
insure against excessive pressures result
ing from fluid volumetric changes in all 
lines which are likely to remain closed 
long enough for such changes to take 
place. In addition, consideration shall 
be given to the possible occurrence of 
detrimental transient (surge) pressures 
during operation. 

(c) Installation. Hydraulic lines, fit
tings, and components shall be installed 
and supported to prevent excessive vi
bration and to withstand inertia loads. 
All elements of the installation shall be 
protected from abrasion, corrosion, and 
mechanical damage. 

(d) Connections. Flexible hose, or 
other means of providing flexibility, shall 
be used to connect points in a hydraulic 
fluid line between which there is relative 
motion or differential vibration. 

I 4b.055 Hydraulic system fire pro
tection. When flammable type hydraulic 
fluid is used, the hydraulic system shall 
comply with the provisions of S3 4b,385, 
4D.4S1, 4b.482, and 4b.483. 

3 4b.658 Vacuum systems, (a) Means, 
In addition to the normal pressure relief, 
shall be provided to relieve automatically 
the pressure in the discharge lines from 
the vacuum pump, If the delivery tem
perature of the air reaches an unsafe 
value. 

(b> Vacuum system lines and fittings 
on the discharge side of the pump which 
might contain flammable vapors or fluids 
shall comply with 5 4b.483 if they are lo
cated in a designated Are zone. Other 
vacuum system components located in 
designated fire zones shall be fire-resist
ant. 

SUBPART G—OPERATING LIMITATIONS AND 
INFORMATION 

GENERAL 

§ 4b.700 Scope, (a) The operating 
limitations listed in §§ 4b.710 through 
4b.723 shall be established as prescribed 
in this part. 

(b) The operating limitations, to
gether with any other information con
cerning the airplane found necessary for 
safety during operation, shall be in
cluded in the Airplane Flight Manual 
(§ 4b.74Q), shall be expressed as mark
ings and placards (5 4b.730), and shall 
be made available by such other means 
as will convey the information to the 
crew members. 

OPERATING L I M I T A T I O N S 

S 4b.7I0 Air-speed limitations; gen
eral. When air-speed limitations are a 
function of weight, weight distribution, 
altitude, or Mach number, the values 
corresponding with all critical combina
tions of these values shall be established. 

5 4b.711 Never-exceed speed VNS. 
(a) To allow for possible variations in 
the airplane characteristics and to 
minimize the possibility of inadvertently 
exceeding safe speeds, the never-exceed 
speed VNS shall be a speed established 
sufficiently below the lesser of: 

(1> The design dive speed VD chosen 
In accordance with 3 4b.210 (b) (5), or 

(2) The maximum speed demon
strated in flight in accordance with 
! 4b.l90. 

(b) In the absence of a rational in
vestigation, the value of VNE shall not 
exceed 0.9 times the lesser of the two 
speeds referred to in paragraph (a) of 
this section. 

i 4b.712 Normal operating limit speed 
VNO. (a) The normal operating limit 
Speed Vno shall be established not to 
exceed the design oruising speed Vc 
chosen In accordance with 5 4b.210 (b) 
(4) and sufficiently below the never-ex
ceed speed VHE to make it unlikely that 
Vns would be exceeded in a moderate 
upset occurring at Vno. 

(b) In the absence of a rational in
vestigation, the value of VKO shall not 
exceed 0.9 times Vns. 

3 4b.713 Maneuvering speed. The 
maneuvering speed shall not exceed the 
design maneuvering speed VA deter
mined in accordance with 3 4b,2l0 (b? 
(2). 

S4b.7I4 Flap extended speed VFB. 
(a) The flap extended speed Vrs shali 
be established not to exceed the lesser of: 

(1) The design Sap speed Vr chosen 
In accordance with § 4b.210 (b.) (1), or 

(2) The design speed for slipstream 
effects with flaps in the landing position, 
chosen in accordance with 5 4b.221. 

(b) The value of Vrs established in 
accordance with paragraph (a) of this 
section shall not be less than a value 
which provides a safe speed margin 
above the stall during approach and 
landing. 

(c) It shall be acceptable to establish 
supplementary values of VFB for other 
combinations of flap setting, air speed, 
and engine power, if the structure and 
the flight characteristics of the airplane 
have been shown to be satisfactory for 
such combinations. 

} 4b.715 Landing gear operating 
speed VLO. The landing gear operating 
speed VLO shall be established not to 
exceed a speed at which it is safe to ex
tend or retTact the landing gear as lim
ited by design in accordance with 
14b.334 or by flight characteristics. 

S 4b.716 Landing gear extended speed 
ViB, The landing gear extended speed 

shall be established not to exceed 
a speed at which it has been shown that 
the airplane can be safely flown with 
the landing gear secured in the fully 
extended position, and for which the 
structure has been proven in accordance 
with § 4b. 334, 

i 4b.717 Minimum control speed Vug. 
(See 3 4b. 133.) 

I 4b.718 Powerplant limitations. The 
following powerplant limitations shall 
be established for the airplane. They 
shall not exceed the corresponding limits 
established as a part of the type certifi
cation of the engine and propeller in
stalled in the airplane. 

(a) Take-off operation. (1) Maxi
mum rotational speed (r. p. m.), 

(2) Maximum permissible manifold 
pressure. 
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(3) The time limit for use of the 
power which corresponds with the values 
established in subparagraphs (1) and 
(2) of this paragraph, 

(4) Where the time limit established 
in subparagraph (3) of this paragraph 
exceeds two minutes, the maximum al
lowable cylinder head or coolant outlet, 
and oil temperatures, 

(5) Maximum cylinder head or coolant 
outlet and oil temperatures, if these dif
fer from the maximum limits for con
tinuous operation. 

(b) Maximum continuous operation. 
(1) Maximum rotational speed (r. p. m.l, 

(2) Maximum permissible manifold 
pressure, 

(3) Maximum allowable cylinder head 
or coolant outlet, and oil temperatures. 

(c) Fuel octane rating. The minimum 
octane rating of fuel required for satis
factory operation of the powerplant at 
the limits specified in paragraphs (a) 
and (b) of this section. 

Cd) Cooling limitations. The maxi
mum sea level temperature for which 
satisfactory cooling has been demon
strated. 

§ 4b.719 Airplane weight, center of 
gravity, and weight distribution limita
tions. The airplane weight, center of 
gravity, and weight distribution limita
tions shall be those prescribed in 
S§ 4b.l01, 4b.l02 and 4b.l03. Where the 
airplane is certificated for more than one 
center of gravity range, the appropriate 
limitations with regard to weight and 
loading procedures shall be set forth in 
the Airplane Flight Manual for each 
separate center of gravity range. 

5 4b.720 Minimum flight crew. The 
minimum flight crew shall be established 
by the Administrator as that number of 
persons which he finds necessary for 
safety in the operations authorized under 
S 4b.721. This finding shall be based 
upon the work load imposed upon indi
vidual crew members with due considera
tion given to the accessibility and the 
ease of operation of all necessary controls 
by the appropriate crew members. 

§ 4b,721 Types of operation. The types 
of operation to which the airplane is lim
ited shall be established by the category 
in which it has been found eligible for 
certification and by the equipment in
stalled. (See the operating rules in this 
subchapter.) 

S 4b.722 Maximum operating altitude. 
A maximum altitude shall be established 
up to which operation is permitted, as 
limited by flight, structural, powerplant, 
functional, or equipment characteristics. 

§ 4b.723 Maneuvering flight load fac
tors. Load factor limitations shall be 
established not to exceed the positive 
limit load factors determined from the 
maneuvering diagram, figure 4b-2. (Bee 
S4b.2H (a).) 

MARKINGS AND PLACARDS 

5 4b.730 General, (a) Markings'and 
placards shall be displayed in conspic
uous places and shall be such that they 
cannot be easily erased, disfigured, or 
obscured. 

(h) Additional information, placards, 
and instrument markings having a di
rect and important bearing on safe op
eration of the airplane shall be required 
when unusual design, operating, or han
dling characteristics so warrant. 

$4b.731 Instrument markings; gen
eral, (a) When markings are placed on 
the cover glass of the instrument, pro
vision shall be made to maintain the 
correct alignment of the glass cover with 
the face of the dial. 

(b) All arcs and lines shall be of suffi
cient width and so located that they are 
clearly visible to the pilot. 

5 4b.732 Air-speed indicator. The 
following markings shall be placed on 
the air-speed indicator. If speeds vary 
with altitude, means shall be provided 
to indicate the appropriate limitation to 
the pilot throughout the operating alti
tude range. 

(a) A radial red line shall Indicate the 
never-exceed speed V S B (see {40.711), 

(b> A yellow arc extending from the 
red line specified in paragraph (a) ot 
this section to the upper limit of the 
green arc specified in paragraph (c) of 
this section* shall Indicate the caution 
range. 

(c) A green arc with the lower limit 
at V i , as determined in accordance with 
J4b,il2 (b) with maximum take-off 
weight, landing gear and wing flaps re
tracted, and the upper limit at the 
normal operating limit speed V „ 0 estab
lished in accordance With § 4b.712 shall 
indicate the normal operating range. 

(d) A white arc with the lower limit 
at Vi0 as determined in accordance with 
§ 4b.112 (a) at the maximum landing 
weight, and the upper limit at the flaps-
extended speed V r B as established in 
accordance with § 4b.7l4 shall indicate 
the flap operating range. 

$ 4b,733 Magnetic direction indicator, 
A placard shall be installed on or in 
close proximity to the magnetic direction 
indicator which shall comply with the 
following. 

(a) The placard shall contain the cali
bration of the instrument in a level flight 
attitude with engine (s) operating. 

(b) The placard shall state whether 
the calibration was made with radio re
ceiver^) on or off. 

(c) The calibration readings shall be 
in terms of magnetic headings in not 
greater than 45° increments. 

S 4b.734 Poioerptant instruments; 
general. All required powerplant in
struments shall be marked as follows. 

(a) The maximum and the minimum 
(if applicable) safe operational limits 
shall be marked with red radial lines. 

(b) The normal operating ranges shall 
be marked with a green arc not extend
ing beyond the maximum and minimum 
safe operational limits. 

(c) Trie take-off and precautionary 
ranges shall be marked with a yellow arc, 

(d) Engine or propeller speed ranges 
which are restricted because of excessive 
vibration stresses shall be marked with 
red arcs. 

5 4b.735 Oil quantity indicators. Oil 
quantity indicators shall be marked in 

sufficient Increments to Indicate readily 
and accurately the quantity of oil, 

3 4b.736 Fuel quantity indicator. 
When the unusable fuel supply for any 
tank exceeds 1 gallon or 5 percent of the 
tank capacity, whichever is the greater, 
a red arc shall be marked on the indica
tor extending from the calibrated zero 
reading to the lowest reading obtainable 
in the level flight attitude. A notation in 
the Airplane flight Manual shall be 
made to indicate that the fuel remaining 
in the tank when the quantity indicator 
reaches zero is not usable in flight. (See 
S 40.613 (b).) 

8 4b.737 Control markings; general. 
All cockpit controls, with the exception of 
the primary flight controls and other 
controls the function of which is obvious, 
shall be plainly marked and/or identified 
as to their function and method of oper
ation. The markings shall include the 
following. 

(a) Aerodynamic controls. The sec
ondary aerodynamic controls shall be 
marked to comply with 55 4b.322 and 
40.323. 

(b) Powerplant fuel controls. (1) 
Controls for fuel tank selector valves 
shall he marked to indicate the position 
corresponding with each tank and with 
all possible cross-feed positions. 

(2) When more than one fuel tank 
is provided, and if safe operation de
pends upon the use of tanks in a specific 
sequence, the fuel tank selector controls 
shall be marked adjacent to or on the 
control itself to indicate the order in 
Which the tanks should be used. 

(3) Controls for engine selector valves 
shall be marked to indicate the position 
corresponding with each engine. 

(c) Accessory and auxiliary controls. 
(1) When a retractable landing gear is 
used, the visual indicator required In 
I 4b.334 (e) shall be marked so that the 
pilot can ascertain at all times when the 
wheels are locked In either extreme posi
tion. 

(2) Emergency controls, Including fuel 
jettisoning and fluid shutoff controls, 
shall be colored red and shall be marked 
to indicate their function and method ot 
operation. 

S 4b.73S Miscellaneous markings and 
placards-— fa) Baggage compartments 
and ballast location. Each baggage 
and cargo compartment as well as the 
ballast location shall bear a placard stat
ing the maximum allowable weight of 
contents and. If applicable, any other 
limitation ou contents found necessary 
due to loading requirements. 

(b) Fuel, oil, and coolant filler open
ings. 'The following information shall 
be marked on or adjacent to the appro
priate filler cover: 

(1) The word "fuel", the minimum 
permissible fuel octane number for the 
engines installed, and the usable fuel 
tank capacity (see 5 4b.4l6), 

(2) The word "oil" and the oil tank 
capacity, 

(3) The name of the proper coolant 
fluid and the capacity of the coolant 
system. 

(c) Emergency exit placards. (See 
5 4D.362 (f).> 
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(d) Operating limitation placard. A 
placard shall be provided la front of and 
to clear view of the pilots stating: "This 
airplane must be operated in compli-
pliance with the operating limitations 
specified in the CAA. approved Airplane 
Plight Manual." 

(e) Safety equipment. (1) Safety 
equipment controls which the crew la 
expected to operate in time of emer
gency, such as flares, automatic life raft 
releases, etc., shall be readily accessible 
and plainly marked as to their method 
of operation. 

(2) When Are extinguishers, and sig
naling and other lifesaving equipment 
are carried in lockers, compartments, 
etc., these locations shall be marked 
accordingly. 

AIRPLANE FLIGHT MANUAL 

5 4b.740 General, (a) An Airplane 
Flight Manual shall be furnished with 
each airplane. 

(b) The portions of the manual listed 
in 5§ 4b.741 through 4b,743 as are appro
priate to the airplane shall be verified 
and approved and shall be segregated, 
identified, and clearly distinguished 
from portions not so approved. 

(c> Additional items of information 
having a direct and important bearing 
on safe operation shall be required when 
unusual design-, operating, or handling 
characteristics so warrant. 

S 4b.74I Operating limitations—(a) 
Air-speed limitations. The following air
speed limitations shall be included to
gether with sufficient information to per
mit marking the air-speed indicator in 
accordance with 5 4b.732: 

<1) The never-exceed speed (see 
S 4b.711> ; 

(2) The normal operating limit speed 
(see $ 4b.712), together with a statement 
to the effect that normal flight opera
tions should be confined to speeds below 
this value, and a further statement to 
the effect that the range of speeds be
tween the normal operating limit speed 
and the never-exceed speed should be 
entered with caution and with due regard 
to the prevailing flight and atmospheric 
conditions; 

(3) When an air-speed limitation is 
based upon compressibility effects, a 
statement to this effect, together with 
information as to any symptoms, the 
probable behavior of the airplane, and 
the recommended recovery procedures;* 

(4) The maneuvering speed (see 
} 4b.210 (b) (2)), together with a state
ment to the effect that full application 

of rudder and aileron controls as well 
as those maneuvers which involve angles 
of attack near the stall should be con
fined to speeds below this value; 

(5) The flap extended speed (see 
5 4b.714), together with a description of 
the pertinent flap positions and engine 
powers; 

(6) The landing gear operating speed 
(see § 4b.715), togetfer with a statement 
to the effect that this is the maximum 
speed at which it is safe to extend or 
retract the landing gear; 

(7) The landing gear extended speed 
(see 8 4b.716), if greater than the land
ing gear operating speed, together with 
a statement to the effect that this is the 
maximum speed at which the airplane 
can be flown safely with the landing 
gear in the extended position. 

(b) Powerplant limitations. Infor
mation shall be Included to outline and 
to explain all powerplant limitations 
(see % 4b.718) and to permit marking the 
instruments as required by 55 4b ,734 
through 4b.736. 

(c) Weight and loading distribution. 
The airplane weights and center of 
gravity limits required by §5 4b.l01 and 
4b.l02 shall be included, together with 
the items of equipment on which the 
empty weight is based. Where the va
riety of possible loading conditions war
rants, instructions shall be Included to 
facilitate observance of the limitations. 

(d> Flight load acceleration limits. 
The positive maneuvering limit load 
factors for which the airplane structure 
has been proven shall be described in 
terms of accelerations, together with a 
statement to the effect that these ac
celerations limit the angle of bank in 
turns and limit the severity of pull-up 
maneuvers. 

(e) Flight crew. The number and 
functions of the minimum flight crew 
determined in accordance with g 4b.720 
shall be described. 

(f) Type of operation. The type(s) 
of operating (s) shall be listed for which 
the airplane and its equipment installa
tions have been approved. (See 
{ 4b.721.) 

<g) Maximum operating altitude. The 
altitude established in accordance with 
§ 4b,722 shall be included, together with 
an explanation of the limiting factors. 

S 4b.742 Operating procedures—(a) 
Normal. Information and instructions 
shall be included regarding peculiarities 
of starting and warming the engines, 
taxying, operation of wing flaps, landing 

gear, automatic pilot, etc. 
(b) One engine inoperative. The rec

ommended procedure shall be described 
to be followed in the event of engine 
failure, including minimum speeds, trim, 
operation of remairiirig engine (s), oper
ation of flaps, etc. 

(c) Propeller feathering. The recom
mended procedure shall be described to 
be followed in stopping the rotation of 
propellers in flight. 

(d) Emergency procedures. Recom
mended emergency procedures shall be 
described to be followed in the event of 
fire, decompression, ditching, etc. 

! 4b. 743 Performance information— 
(a> Performance data. A summary of 
all pertinent performance data shall be 
given, including the performance data 
necessary for the application of the op
erating rules of this subchapter, to 
gether with descriptions of the condi
tions, air speeds, etc., under which these 
data were determined, 

(b) Flop controls. Instructions shall 
he Included describing the use and ad
justment of the flap controls necessary 
to obtain the performance referred to 
in paragraph (a) of this section. 

(c) Air speeds. The indicated air 
speeds corresponding with those deter
mined for take-off shall be listed together 
with the procedures to be followed in the 
event the critical engine becomes inop
erative during take-off (see i 4b,742 (b)). 

(d) Miscellaneous. An explanation 
shall be included of any significant or 
unusual flight or ground handling char
acteristics. 

AIRPLANE IDENTIFICATION DATA 

5 4b.750 Identification plate. A fire
proof identification plate shall be se
curely attached to the structure in an 
accessible location where it will not likely 
be defaced during normal service. The 
identification plate shall not be placed in 
a location where it might be expected to 
be destroyed or lost in the event of an ac
cident. The identification plate shall 
contain the identification data required 
by 5 1.50 of this subchapter. 

5 4b.751 Identification marks. The 
nationality and registration marks shall 
be permanently affixed in accordance 
with S 1.100 of this subchapter. 

[ S E A L ] M . C. M U L L I G A N , 

Secretary. 
[F. R. Boc. 53-10780; F i led , Dec. 29, 1953; 

8:50 a. m.J 

NOTICE 

Advise the Civil Aeronautics Board, Washington 25, D. C , that you have purchased this 
Part of the Civil Air Regulations and that agency will supply you with copies of amendments 
which have been issued since this printing. Be sure to specify the number of this Part, other
wise your request cannot be fill<><!. 






